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SUMMARY 
Gas chromatography (GC) using an electron capture detector (ECD) has been used to determine 
organochlorine pesticides (OCPs) particularly at trace levels. Capillary gas liquid 
chromatography (capillary GLC) with high resolution was the most suitable chromatographic 
technique for the separation of multicomponents from biological and environmental samples. 
However, an extensive investigation of sample preparation for these analyses was essential since 
the ECD could be prone to contamination, and previous sample preparation methods were 
lengthy and labour intensive. 
Traditional approaches for the analysis of fat soluble analytes (ie, OCPs) in fatty matrices were 
to extract total fat which consequently required vigorous cleanup procedures to get rid of fat 
coextractives and other potential ECD interferences. Most of these traditional approaches 
employed non-polar solvents to extract total fat and then cleaned up extracts by techniques such 
as adsorption chromatography, solvent-solvent partitioning and sweep co-distillation. A novel 
approach in the present method employed a mixture of solvents including ethyl acetate, 
methanol and acetone (l :2:2) to extract OCPs from milk without total milk fat extraction. 
Recent technological advances such as miniature column or so called solid phase extraction 
cartridges enabled the cleanup and concentration of OCP extracts in the step. This cleanup and 
concentration technique has proved a useful tool in the present method development work. 
The combined approach of solvent extraction followed by octadecyl (CI8) bonded silica 
cartridge solid phase extraction has provided a sensitive, rapid and cost-effective method to 
study OCPs in milk samples. The method employed small volumes of sample (I-2ml milk) and 
solvents, used less glassware, and was much quicker. The present developed method has also 
proved that pasteurised cows' milk (full cream) could be used for the generation of OCP 
is 
calibration curves and applicable for measurement of OCPs in human milk samples. 
Furthennore, solid phase cartridges are not only a tool to extract and cleanup samples but also a 
useful tool to extract analytes on site. A method has been developed for the detennination of 
OCPs in water showing that the octyl (C8) bonded silica cartridge was suitable to extract OCPs 
from water samples. These cartridges were also useful in the shipment and storage of OCP 
extracts obviating the need to transport bulky water samples. The present work has shown that 
the storage of OCP extracts on cartridges was a better choice than water samples stored in glass 
bottles since some OCPs adhered to the glass wall and losses occurred. 
Both methods (ie, for milk and water) were optimised in order to achieve good accuracy and 
precision within and between batches. They were also validated with 3 different pools of spiked 
samples and good reproducibility was achieved over 7 determinations covering 3 weeks for the 
milk method and 4 weeks for the water method. 
The present developed and a published method were exploited to determine OCPs in 23 human 
milk samples and OCPs detected (ie, p,p' -DDE and p,p' -DDT) from both method were 
comparable. 
Application of the present methods to study OCPs in human milk and water samples from pilot 
were are 
surveys showed that the methods useful and encouraging for the larger scale studies. 
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CHAPTER 1;. INTRODUCTION 
1.1 General Introduction 
The effectiveness and potential economic benefits of pesticides have led to their widespread use in 
controlling agricultural pests and disease vectors. The role of pesticides in agriculture has been 
to protect crops and to increase production to feed the burgeoning world population. Instead, 
their activities are perceived by an increasing number of the general public to be unnecessary 
and unsafe, both to mankind and to the environment. It may be possible, in the developed world 
to increase crop yields by using modern technology but food production and consumption in the 
developing world are likely to continue to be constrained by poverty, a high population growth 
rate and the gradual reduction in arable areas. As it is probable that the use of pesticides will 
continue in the foreseeable future, the aim must be to minimise the undesirable environmental 
consequences of the presence of residues in soil, air, water, food, human tissues and in the food 
chain. A balance between the beneficial and adverse effects of pesticide use is required. 
Many organochlorine pesticides (OCPs) which have shown undesirable effects in man and the 
environment have been banned in most developed countries since the early 1970's, for example, 
dichlorodiphenyl trichloroethane (DDT) and dieldrin. Less persistent pesticides such as 
organophosphates, carba mates and synthetic pyrethroids have been developed to replace them. 
Unfortunately, these new pesticides are not accessible to developing countries due to their high 
cost. A number of OCPs including DDT, hexachlorocyclohexane (HCH), dieldrin, aldrin, 
endrin and chlordane have been reported as still in use in several developing countries. There 
was some doubt about the results as faulty analytical techniques were said to have overstated the 
case against DDT as an environmental pollutant (1). Furthennore, farmers have been faced with 
poor quality pesticide formulations and less active ingredients forcing them to overuse in order 
to keep pace with pest control. 
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Since DDT was first found in milk from black American mothers by Laug et al in 1951 (2), 
there has been concern that there is risk to human health from OCPs contamination. Several 
methods have been developed to study pesticide residues in human milk and other biological 
fluids (3-5). There has been some controversy as to the exact levels arising from inter-
laboratory comparisons of results (6) as the methodology is rather complicate<L labour intensive 
and lengthy. Conventional methods to extract fat soluble compounds from fatty matrices have 
involved complete extraction of fatty components from the matrix followed by extensive clean-
up before chromatographic or other analysis. Human milk sampling has proven rather 
complicated and has been influenced by several physiological factors (6-9) both between 
individuals and with milk from one individual before and after feeds. These factors raise 
questions as to whether collection of single samples of milk for exposure studies is 
representative (10). However, increasing understanding of human lactation and milk 
composition has been parallelled by improvement of analytical techniques and greater awareness 
of the need to monitor biological and environmental contamination of these chemicals. 
In agriculture and household pest controls, pesticides are essential even though they are a 
recognised potential hazard to non-target organisms, i.e. livestock, humans and the environment 
(11). Much of the pesticide applied reaches the soil and certainly find their way to water 
sources. Concern about the quality of water supplies and possible contamination by pesticides 
has resulted in intensified monitoring programmes. Methods to investigate trace levels of 
organic pollutants, i.e. OCP concentrations in water have improved recently following current 
advances in analytical chemistry. Concomitant with this is new technology allowing the 
extraction of water samples on site with small cartridges which can then be easily transported 
and analysed in the laboratory. 
Current advances in analytical chemistry such as miniature liquid chromatography or so called 
solid phase extraction (SPE) for sample clean-up and concentration ,and capillary gas liquid 
chromatography (GLC) with specific-sensitive detector ie, electron capture, nitrogen-phosphorus 
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detectors (ECD,NPD) have enabled the analyst to achieve rapid and simplified methods for the 
detennination of trace levels of pesticides in fatty or aqueous matrices. 
1.2 Organochlorine pesticides 
1.2.1 Chemistry and Uses 
1.2.1.1 DDT and its analogues 
DDT was first synthesised by Zeidler in 1874, and the insecticidal property of p,p , -DDT (1,1,1-
trichloro-2,2' -bis(p-chlorophenyl)ethane; shown in Table 1) was discovered by Paul Muller in 
1939. DDT is insoluble in water but soluble in many organic solvents. Pure p,p'-DDT is a 
white tasteless, almost odourless crystalline solid while technical DDT is a waxy solidil2b)· 
Initially, the entire production of DDT was used for the protection of troops against disease 
carrying insects. DDT made significant medical history controlling a typhus outbreak in Naples 
in January 1944 and malaria carrying mosquitoes in the Far East during World War II(12b). 
3 
Table 1 
Compound 
p,p'-DDT 
p,p'-DDD 
p,p'-DDE 
Aldrin 
Dieldrin 
Endrin 
Heptachlor 
a-HCR 
P-HCH 
'r-HCH 
N/A 
Chemical characteristic of organochlorine pesticides 
Structural 
formula 
H 
CI-< r~-< rCi 
co.! 
ClO~OCl 
- ~ -
HC.02 
CI-< rn-< rCi 
CO 2 
o 
Cl 
Cl 2 0 
0 
.,...; 
0 0 
0 
0 
CI 
00 
CI~:O)O oQo 
0 0 
0 Vi C 0 
0 
ClUCI 
CIO 
Not available 
From Ref 12a, 12b 
M.W. M.P. (OC) 
354.50 108.5-109 
320.05 109-110 
318 88-90 
364.93 104 
380.93 176-177 
380.93 245 
373.35 95-96 
290.80 159-160 
290.80 309-310 
290.80 112-113 
4 
Vapour 
pressure 
(mm Hg) 
1.5xl0-7 
(at 20°C) 
N/A 
N/A 
7.5x10-5 
(at 20°C) 
3.1x10-6 
(at 20°C) 
2x10-7 
(at 25°C) 
3x10-4 
(at 25°C) 
2.5x 10-5 
(at 20°C) 
2.8x10-7 
(at 20°C) 
9.4x 10-6 
(at 20°C) 
Table 2 Composition of technical DDT 
DDT isomer Composition (%) 
p,p'-DDT 77.1 
p,p'-DDE 4.0 
p,p'-DDD 0.3 
o,p'-DDT 14.9 
o,p'-DDE 0.1 
o,p'-DDD 0.1 
Unidentified 3.5 
compound 
From Ref 12c 
Table 3 Composition of technical HCH 
HCH isomer Composition (%) 
a-HCH 55-70 
~-HCH 5-14 
r-HCH 10-18 
o-HCH 6-8 
E-HCH 3-4 
Heptachloro- trace 
cyclohexane 
Octachloro- trace 
cyclohexane 
From Ref 12d 
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DDT was sold commercially in the United States for agricultural and forest pest control and, 
since then, it has been used predominantly in this role. Technical DDT composes of several 
isomers with various percentages, a typical composition is shown in Table 2. 
Dichlorodiphenyl dichloroethane (DDD) also known as tetrachlorodiphenyl ethane (IDE) or 
p,p' -DDD (1, I-dichloro-2,2' -bis(p-chlorophenyl)ethane; shown in Table 1 is used as an 
insecticide in controlling mosquito larvae and it is also a metabolite of p,p' -DDT. Crystalline 
p,p' -DDD has solubility characteristics similar to DDT. 
Dichlorodiphenyl dichloroethylene (DDE) or 1, I-dichloro-2,2-bis (p-chlorophenyl) ethylene 
(p,p' -DDE, shown in Table 1) is another metabolite of DDT. DDE does not have insecticidal 
properties but it is highly persistent and has caused some concern regarding long term 
environmental contamination. 
1.2.1.2 Cyclodienes and related compounds 
Aldrin (l ,2,3,4, 1 0, 1 0-hexachloro-1 ,4,4a,8,8a-hexahydro-endo-l ,4-exo-5,8-dimethano naphthalene, 
HHDN; shown in Table 1). Pure aldrin is a white crystalline solid, insoluble in water but soluble 
in many organic solvents. Technical aldrin is a tan to dark brown solid with a mild chemical 
odour and typically contains not less that 40% w/w of pure aldrin. Aldrin is stable on storage, 
being unaffected by heat, alkali and dilute acid but oxidising agents, concentrated mineral acids 
and various catalysts can cause decomposition02b). 
Dieldrin (1,2,3,4,10, 10-hexachloro-6,7-epoxy-1 ,4,4a,5,6,7 ,8,8a-octahydro-endo-1 ,4-exo-5,8-
dimethanonaphthalene, HEOD; shown in Table l) is a white crystalline, odourless solid. 
Dieldrin is the epoxidised form of aldrin. It is stable to alkali, mild acids and light but reacts 
with concentrated mineral acids, acid catalysts, acid-oxidising agents, phenols and active metals. 
Dieldrin is scarcely soluble in water (about 0.186ppm), moderately soluble in acetone, and 
6 
soluble in aromatic and halogenated solvents. Technical dieldrin contains not less that 950/0 w/w 
of the pure compound. Both aldrin and dieldrin were first produced by the Hyman Company in 
1948 under the trade marks of Octalene for aldrin and Octalox for dieldrin. Aldrin and dieldrin 
have been used against insects attacking field, forage, vegetable and fruit crops. Dieldrin has 
also been used for soil treatment. 
Endrin (1,2,3,4,10,1 0-hexachloro-6,7 -epoxy-l ,4,4a,5,6,7 ,8,8a-octahydro-l ,4-endo, endo-58-, 
dimethanonaphthalene; shown in Table 1) is the epoxide form of isodrin and the stereoisomer of 
dieldrin. Isodrin, the stereoisomer of aldrin, is little used as an insecticide. Pure endrin is a 
white crystalline solid while the technical product (85%, w/w, endrin) is a light tan powder with 
a distinct odour. Endrin is insoluble in water, moderately soluble in alcohols and aliphatic 
hydrocarbon solvents, and soluble in aromatic solvents. Endrin is unstable at temperatures 
above 200°C and in strong acids. Endrin was also introduced by the Hyman Company in 1951 
as' an experimental insecticide and it did show greater insecticidal properties than dieldrin. 
Endrin has also been used as a rodenticide. 
Heptachlor (1,4,5,6,7 ,8,8-heptachloro-3a,4,7 ,7a-tetrahydro-4,7 -methanoindane; shown in Table 
1) was introduced for agricultural use by the Velsical Corporation in 1948, and quickly became 
popular as a soil insecticide. The pure compound is a white crystalline solid with a camphor-like 
odour. Heptachlor is insoluble in water but soluble in most organic solvents. The technical 
product is a waxy solid and typically contains 730/0 of heptachlor, 22% of trans-chlordane and 
50/0 of nanachlor, w/w. It is susceptible to epoxidation, under environmental and biological 
conditions, to heptachlor epoxide which is somewhat more toxic than the parent compound. For 
instance, the epoxidation has been demonstrated in soil (11), mammals (12,13) and by 
microsomal enzyme systenl (14). Heptachlor has been used as a seed dressing and for control of 
cotton insects, grasshoppers and soil insects. Although heptachlor has been banned in the USA, 
its use is still allowed in surface soil treatment and the dipping of non-food plants. 
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1.2.1.3 Hexachlorocyclohexanes 
Hexachlorocyclohexanes (HCHs) (l,2,3,4,5,6-hexachlorocyclohexanes) or by their other name 
benzene hexachlorides (BHCs) have 18 possible isomers but only 6 isomers are relatively stable, 
two a-isomers, ~-, l-, 8- and E -isomers) and only T-RCH has insecticidal properties. HCR was 
first synthesised by Michael Faraday in 1825 and the insecticidal property of r-HCH was 
discovered independently by Dupire and Raucourt in 1943 and by Slade in 1945. The name 
"lindane" has been given tOT-RCH as a tribute to Van der Linden who first discovered some of 
the HCH isomers in 1912. Purer-HCR has a slight aromatic odour. It is very stable to heat, 
light and oxidising agents but it is readily decomposed in alkaline solution to form 
trichlorobenzene, mainly 1,2,4-trichlorobenzene. Lindane is insoluble in water but soluble in 
most organic solvents. 
Technical HCR is an off-white to brown powder with a musty odour. The amount of each 
isomer varies, a typical composition is shown in Table 3 and chemical characteristics of 3 major 
isomers are shown in Table 1. Because of the low percentage of active isomer in technical 
HCH, about 850/0 (w/w) or more of non-insecticidal isomers were dumped into the environment 
to serve no useful purpose. For example, in the early 1970's the levels of HCH isomers were 
detected in very high levels in Japanese human milk because technical HCH was widely used in 
rice fields (15). P-HCH is not only an isomer of technical HCH but also a metabolite of r-HCH 
(16). In 1967, the World Health Organisation (WHO) issued a guideline (17) suggesting that 
technical HCH should have 12-16%, w/w of the r-isomer in order to control the active ingredient 
in the technical product. The odour of technical HCH has always been a problem in pest control 
of foodstuffs. For example, potatoes are susceptible to taint problems when they are grown on 
land which has previously been treated with HCH. Technical HCH has also been used in 
controlling malaria-carrying mosquitoes in households and locusts in crop fields where DDT 
was resistant. 
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1.2.2 Mode of action 
1.2.2.1 DDT 
DDT, in mammals, disturbs the central nervous system (CNS) particularly in the motor area of 
the cerebrum and cerebellum. The severity of both acute and chronic toxicities in adult rats 
directly correlated to the measured concentration of DDT component in the brain (18). In 
insects, DDT attacks the peripheral nerves by disturbing the regulation of sodium and potassium 
flux in the neurons. The effects of DDT on axonic membranes has been postulated to be due to 
the impainnent of the sodium channels by prolonging permeability of the membrane to sodium 
ions. The membrane becomes depolarised and finally the nerve transmission is blocked (19,20). 
This hypotheses is supported by the following experimental evidence. Firstly, DDT inhibits 
directly adenosinetriphosphatases (ATPases) (21) which depend on sodium and potassium ions 
in the nerve cells. Secondly, DDT inhibits magnesium dependent ATPase (22) which is located 
in mitochondria and is involved in oxidative-phosphorylation. Hence, ATP supply is cut off to 
the sodium, potassium-pump system. Thirdly, calcium-dependent ATPase is inhibited by DDT 
(23). This enzyme is located on the outer surface ofaxonic membranes and plays an important 
role near presynaptic membranes. 
1.2.2.2 Lindane 
Lindane acts on the CNS in both insects and mammals but the mechanism remams unclear. 
Sloley et ai, 1985 (24) found that lindane led to an increase in the levels of dopamine and of 
acetyldopamine in the cerebral ganglion of the cockroach. In the mammalian brain, it is likely 
that receptors for r-aminobutyric acid (GABA) are a primary target for lindane (25). It has been 
postulated that the GABA receptor is a single protein with three sites of activity. One of these 
sites binds to GABA, a second site controls an ion channel and the third is the site of attachment 
of certain toxicants. It was concluded that lindane, and also cyclodienes, inhibit GAB A-induced 
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chloride ion uptake and the inhibitory neurotransmitter action of GABA is blocked. This effect 
will lead to CNS excitation and convulsions. 
1.2.2.3 Cyc10dienes 
Cyc1odienes, like lindane are toxic to the CNS but not to peripheral nerves. The toxic effects of 
cyc10dienes occur by enhancing the release of acetylcholine from presynaptic ends. However, 
heptachlor epoxide is likely to inhibit calcium/magnesium-dependent ATPases resulting In an 
increase of calcium uptake (26). 
1.2.3 Toxicology 
1.2.3.1. Absorption, distribution, metabolism, excretion and storage 
The route of absorption of pesticides will differ depending on the nature of exposure. In 
occupational exposure, i.e. plant workers, spraymen, OCPs are absorbed mainly by inhalation 
and dermal absorption. In acute intoxications such as suicide, accidental ingestion, the main 
route will be absorption through the alimentary tract. With environmental exposure, OCPs are 
absorbed via the alimentary tract from food ingestion or by inhalation. Pesticides may be 
absorbed across one or more membrane barriers by passive diffusion, active transport, 
pinocytosis and filtration. Passive diffusion is by far the most important mechanism for the fat-
soluble pesticides like OCPs(12c). 
After absorption, pesticides enter the blood circulation and are transported for distribution and 
metabolism before being removed from circulation by excretion or storage. OCPs are excreted 
in their unchanged form or as metabolites mainly by urinary or biliary excretion, although there is 
limited excretion into milk during lactation. 
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The metabolism of most xenobiotics occurs in two phases. Phase I metabolism involves 
oxidation, reduction and hydrolysis, for example those reactions of OCPs in Table 4. Phase II 
metabolism or conjugation generally leads to a water soluble product which can be excreted in 
bile or urine. Some common compounds which OCPs conjugate with are glucuronic acid, i.e. 
with hydroxylated metabolites of DDT, dieldrin and endrin; amino acids and glutathione. In 
general metabolites are less toxic than the parent compound but sometime the metabolite is more 
toxic, for example aldrin is metabolised to dieldrin which is more toxic than aldrin. Persistent 
OCPs are stored predominantly in adipose tissue. The tendency of certain OCPs to be stored 
does not directly relate to their solubility in fat but to their slow metabolism and subsequent slow 
excretion (27). 
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Table 4 Chemical reactions of some organochlorine pesticides 
Reactions Example 
Epoxidation .. 
Dechlorination 
Dehydro-
chlorogenation 
From Ref70 
Cl 
Aldrin 
p,p'-DDT 
p,p'-DDT 
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Cl 
Dieldrin 
p,p'-DDD 
p,p'-DDE 
The distribution and storage of most chemicals in living organisms is a dynamic process but it 
will reach a steady dynamic state or equilibrium on storage. Several factors affect the 
distribution of a compound to each tissue including the rate of blood flow to that tissue, the mass 
of the tissue, the ratio of the equilibrium concentrations in tissue and blood, and storage. The 
storage of repeated doses of a compound in fat increases rapidly at first and then gradually 
increases until a steady dynamic state or plateau is reached. It is recognised that repeated 
moderate doses of DDT result in higher storage in fat than a single fatal dose. After cessation of 
dosing, fat levels will fall gradually as a result of the induction of drug metabolising enzyme 
activity. The metabolism of dieldrin is slower than that of endrin, so dieldrin is more likely to 
accumulate than endrin (28). Interactions either between OCPs themselves or with other 
chemicals affects the metabolism of individual pesticides causing changes in their storage and 
toxicity. For instance, when aldrin is administered to Beagle dogs that are receiving p,p' -DDT, a 
rapid increase of DDT, DDE and DDD levels in their blood and fat is observed (29,30); while in 
rats, the storage of dieldrin is markedly decreased but the storage of DDT is not changed (31-
33). DDT has also been reponed to depress the storage of heptachlor in rats (34). Surprisingly, 
when DDT and dieldrin are fed in combination to guinea pigs, the storage of dieldrin is hardly 
affected while DDT's storage is decreased (35). These complex interactions can be explained by 
interspecies differences in microsomal enzyme systems (36). The stimulatory effect of 
xenobiotics on the liver microsomal enzymes was first reported in 1954 by Miller et al (37), 
Brown et al (38) and independently by Remmer in 1958 (39). 
1.2.3.2 Excretion into milk 
Milk is produced in the epithelial cells of the mammary gland. Fat, lactose and protein are 
synthesised in the epithelial cells from precursors absorbed from the blood whereas water, 
mineral and vitamin components are transported directly from blood by diffusion and active 
(39 a} . b . b d . transport. Xenobiotics that have entered the Circulatory system ecome protem oun or remam 
in free form in the blood plasma. They may cross cell membranes through water-filled pores, by 
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diffusion and active transport. Since the cell membrane is composed of phospholipids and 
proteins, unionised components cross the cellular barrier much more easily than ionised ones. 
The excretion of xenobiotics is highly dependent upon their biological half-lives. The fat 
soluble xenobiotics which have long biological half-lives are likely to be excreted into milk at 
higher concentrations than into blood plasma. For instance, milk concentrations of 
hexachlorobenzene (RCB) and Clophen A-30 or polychlorinated biphenyls (PCBs) in feeding 
studies of lactating rhesus monkeys averages 20 and 17 times higher than maternal serum levels 
for Clophen A-30 and RCB treated monkeys, respectively (40). 
Several OCP residues have been detected in human milk. p,p'-DDTand p,p'-DDE are detected 
in most human milk investigations all over the world (41-45) (mentioned later in 1.3.2). A few 
investigations have found p,p'-DDD, o,p'-DDT and o,p'-DDE (42,46). Animal experiments 
indicate that o,p' -DDT is excreted in milk less readily than p,p' -DDT (47). Dieldrin was also 
detected in many human milk investigations (41,43,48, 49), but in recent years low levels of 
dieldrin in human milk have been detected only in a limited number of investigations. Endrin 
has only been detected in some human milk samples from El Rasario, Guatemala at levels from 
trace to one ppb in whole milk (50), even though it has been found in cows milk in other 
countries (51). Although aldrin is metabolised to dieldrin, it has occasionally been detected 
(45). Heptachlor epoxide, the very persistent epoxy metabolite of heptachlor, has been detected 
more often in human milk samples (52-54). The ~-isomer ofHCH has been detected in most 
human milk rather than the (1..- and T-isomers. In the 1960's, technical HCH had been used 
extensively in rice fields and Japanese human milk was seriously contaminated (44,55,56). 
1.2.3.3 Toxicity to laboratory and wildlife animals 
DDT and cyc10diene pesticides (ie, aldrin, dieldrin and heptachlor) have been shown to induce 
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liver microsomal enzymes in rats (57,58) particularly DDT which causes marked changes in the 
livers of various rodents. These changes progress to tumour formation in the mouse but not in 
(58a) 
other species (by the International Agency for Research on Cancer (IARC), WHO, 1974). The 
acute oral LD50 (the amount required to kill 50% of the animals) of some OCPs In common 
laboratory animals is shown in Table 5 (59). Endrin appears to be highly toxic, much more than 
DDT. The LD50 value for a certain pesticide also differs considerably among different animal 
specIes. 
DDT and dieldrin have been shown to have some effects on predatory and· -wild birds. 
Eggshell thinning and increasing egg breakage were observed in American kestrels (60), 
American sparrow hawks (61), Japanese quail (62) and mallard ducks (63). 
Table 5 
Species 
Rat 
Mouse 
Guinea Pig 
Rabbit 
Hamster 
N/A -
Ref (59). 
The acute oral LDSO of some organochlorine pesticides In common 
laboratory animals (mg/kg) 
p,p'-DDT 
113 
135 
150 
250 
N/A 
Not available 
Aldrin 
67 
50 
33 
50 
100 
Dieldrin 
46 
114 
49 
45 
60 
Endrin 
3 
1.37 
16 
7 
10 
Lindane 
88 
86 
127 
60 
360 
Surprisingly, these effects did not occur in galliform species such as hens (64,65). The level of 
p,p'-DDE found in the livers of sparrow hawks has shown little change over the period 1963-
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1982 with a mean value of 3.4-6.9ppm (66) while kestrels and herons showed a downward trend 
of both p.p' -DDE and dieldrin in their livers (67). 
Fish are very susceptible to OCPs. DDT with a mean lethal concentration (LC50) is more toxic 
to fish than dieldrin and endrin (Table 6) (68). Fish and other aquatic organisms provide 
particularly good examples of the equilibrium situation as they are continuously exposed to a 
large amount of water and eventually become equilibrated with any surrounding lipophilic 
pollutants. Hence, a low concentration can cause mortality if exposure is long _ enough to 
produce the internal lethal level. Furthennore, fish are known to have very inefficient 
microsomal enzyme systems which also makes them more susceptible. 
Table 6 The LC50 of some organochlorine pesticides on aquatic life (ppm) 
Species 
Rainbow trouta 
Blue gilla 
Shrimp (sand)b 
a = 24-48 hour exposure 
b = 96 hour exposure 
Ref (68). 
p,p'-DDT 
0.007 
0.008 
0.003 
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Dieldrin 
0.04 
0.007 
0.06 
Endrin 
0.0018 
O.OOOSb 
0.0028 
1.2.3.4 Toxicity to man 
The study of occupational exposure of OCPs provided crucial data on their toxicity to man. 
Laws et aI, 1967 (69) reported that 35 men involved in the manufacture of DDT for 11 to 19 
years and exposed at levels of 17.5-18mg/man/day did not show any illness although they had 
total DDT residues in their fat from 38 to 647ppm compared to an average of 8ppm in the 
general population. There was significant correlation with a correlation coefficient (r) of +0.64 
between the concentration of total DDT in the fat and serum of the worker. The concentration of 
total DDT in fat averaged 338 times greater than that in serum. The excretion of a urinary 
metabolite, bis-p-chlorophenyl acetic acid or dichlorodiphenyl acetic acid (DDA) was found to 
be proportional to the dose of DDT. Hayes et ai, 1971 (70) studied feeding of pure and 
technical DDT in 24 male volunteers and showed comparable levels of DDT accumulated in fat 
to those found by Laws et al (69). Again, they did not show any observed adverse effects in 
these individuals. 
Four groups of male volunteers exposed to dieldrin (14,24,64 and 2251-lg/day for 24 months) 
showed dieldrin in their blood from 18 months of dosing. All volunteers remained in good 
health and with no changes in their clinical chemistry. Dieldrin concentrations in adipose tissues 
were 136 times higher than in blood and the half life of dieldrin in serum was 369 days (71). 
However, the occupational exposure groups, ie, spraymen and factory workers reported some 
symptoms such as headache, nausea, vomiting, general malaise and dizziness. The threshold for 
dieldrin in whole blood without observed illness was between 0.15 and 0.2ppm (72). 
Hoogenda m et aI, 1965 (73) reported seventeen non-fatal cases of intoxication with convulsions 
in the workers from aldrin/dieldrin/endrin manufacturing plants. They had abnormal 
electroencephalograms (EEGs) and in some cases abnormal liver function tests (ie, serum 
glutamate-oxaloacetate transferase (SGOT) and serum glutamate-pyruvate transferase (SGPT)). 
In severe cases of dieldrin poisoning, the half life of dieldrin in serum was only 34 days (74) 
compared with the 369 days reported from non-symptomatic dosage (71,75). Faster elimination 
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of the large, single dose was then expected. Patients who underwent surgical operations or 
complete starvation did not show an increase of dieldrin levels in their blood; however, the body 
burden was decreased by starvation (76). 
Aldrin and heptachlor are unlikely to be detected in the blood of the general population; instead 
their epoxides, dieldrin and heptachlor epoxide, are often found and may also be detected in fat 
and milk. Endrin did not accumulate even in endrin workers. Blood endrin dropped sharply just 
after heavy accidental exposure and it was not detected in the blood of the general.population 
(77,78). 
HeH may cause death only when swallowed in substantial quantities, but low dosages of both 
technical or pure lindane may cause convulsions. Although no poisoning was involved blood 
lindane has proved a good indication of recent occupational or other exposure (79). 
1.2.4 Environmental fate 
Pesticides have been widely dispersed in the environment, mainly by the action of wind and 
water. The most significant concentrations have been found in and near the areas of intensive 
use, but traces have also been found in the Antarctic and other areas far from the area of 
application (80). Hence, traces of OCPs have been found in almost all compartments of our 
ecosystems. Pesticides can enter the atmosphere from spray drift or volatilisation from soil or 
water. Only a portion of pesticides sprayed onto crops reach their target; the rest fall to the 
ground or are taken up into the atmosphere by air currents. Volatilisation is likely to be a major 
pathway for loss of applied pesticides from plant, water and soil surfaces (81), the vapour 
pressure of the pesticides is the major factor influencing volatilisation. 
Rivers, streams, lakes, ponds, oceans and sediments are major reserVQlrs for residues of 
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persistent pesticides, ie, OCPs. There are many routes by which pesticides can reach the aquatic 
environment such as surface runoff and sediment transport from treated soil, industrial waste 
discharged into factory effluent, spray drifts, accidents and spills. 
Since most pesticides are organic substances, they can be readily adsorbed to vanous surfaces 
induding those of plants and soil particles. Adsorption plays an important intermediate role In 
the decomposition of pesticides in the environment fixing the molecules for chemical or 
biological reaction. Although the fate of OCPs in soil varies widely with differences in soil 
type, the average half lives (82) are shown in Table 7. 
HCH was the most widely used OCP in Japan particularly on rice fields in the 1960s (83). Its 
degradation and environmental fate has been extensively studied since HCH residues were 
detected in environmental (83) and biological samples (6). HCH is degraded faster under water-
logged field conditions than in upland field conditions. Temperature is also important for HCH 
degradation; the higher the soil temperature, the more rapid the degradation. Among the HCH 
isomers, T-HCH is the most rapidly degraded, followed by U-, ~-, and a-isomers. HCH levels in 
fresh surface water fluctuate widely, it is high in the rice growing season and low in the winter. 
u-HCH was detected at the highest concentration in surface water followed by ~- and T-isomers 
(83). 
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Table 7 The average half-lives of some organochlorine pesticides in soil* 
Pesticide 
DDT 
dieldrin 
aldrin 
isodrin, endrin 
chlordane 
heptachlor 
lindane 
toxaphene 
* adapted from Ref 82. 
Half-life 
(years) 
3-10 
1-7 
1-4 
4-8 
2-4 
7-12 
2 
10 
20 
Lindane used in vegetable fields is translocated and metabolised in plants. A few weeks after 
application of lindane to cabbage plant foliage, more than half of the lindane was converted into 
(84) 
five more polar products. A similar conversion of lindane was also found in spinach and carrots 
grown in lindane treated soil (84,85). Rice plants could concentrate lindane from 4ppm in water 
to 34ppm in stems and leaf sheaths, and 4ppm in leaf blades ten days after treatment (86). 
Aldrin, a major soil insecticide, is metabolisedltransfonned to dieldrin in the enVIronment. 
Aldrin has a low propensity for movement away from treated areas either through volatilisation 
or by leaching (87). It is mainly and rapidly adsorbed on soils with a high org-anic matter 
content, but only moderately adsorbed by clay soils. Aldrin adheres strongly to soil panicles so 
only traces can be removed by water (88). Hence, contamination of aldrin in ground water is 
less common. Aldrin is mainly retained in the soil with 97% found as dieldrin. 
The insecticide dieldrin is lost from the soil very rapidly in tropical areas, up to 900/0 has 
disappeared in 1 months whereas the half-life of dieldrin in temperate soils is about 5 years. 
Dieldrin has been detected in ground water only at very low levels because of its strong 
adsorption to soil particles. However, dieldrin has been detected in surface water contaminated 
by run-off from agricultural land. For example, in a study of aldrin and dieldrin in ground water 
in Nebraska, USA where aldrin had been used extensively in the control of com-root wonns; 
these compounds were not detected in any samples. The method used had a limit of detection of 
between 5 and 10ppt (89). 
DDT is adsorbed strongly by all soil types. The adsorption is closely related to the content of 
organic matter in soils, ie humic acid. After surface application to the soil, 500/0 of DDT was 
lost within 16-20 days, and 900/0 within 1.5-2 years. When DDT was mixed into the soil, 500/0 
loss occurred in 5-10 years and it was estimated that 90% would be lost in 25-46 years (90). 
DDT was also adsorbed to sediments (91). 
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DDT · . b (92) In water IS a sorbed and accumulated by fish and other aquatic organisms. Concentration 
factors, (the ratio of the concentrations of the compound in the organism to the concentrations in 
the medium), for fish are generally higher than aquatic invertebrates. The amount of DDT taken 
up by fish varies according to the size of the animal. Smaller fish take up relatively more DDT 
than larger ones of the same species. For example, mosquito fish weighing between 70 and 
1000mg showed a four-fold difference between the smallest and the largest fish in DDT uptake 
from water over 48 hours (92). 
Some non-target orgamsms could be directly exposed to DDT or other pesticides during 
application but most will be exposed to the remains after application. Higher terrestrial 
organisms, therefore, will accumulate DDT mostly from their food. Although it has been 
reported that terrestrial invertebrates had a relatively low concentration factor, DDT residues as 
high as 40ppm have been detected in terrestrial molluscs (93). DDT residues in earthworms 
varied seasonally with high levels between late spring and early autumn and lower levels from 
late autumn to early spring (94). This change of DDT residue levels presumably indicated that 
DDT in soil was taken up by earthworms processing soil through the gut. 
In plants, DDT was not translocated into the foliage of alfalfa (95,96) or soybean (97) when 
applied to the soil. Trace amounts of DDT and its metabolites were detected in storage roots 
such as carrots, radishes and turnips after growing those plants in soils containing up to 14ppm 
DDT (98). DDT residues have been found in birds, either terrestrial predators or aquatic 
predators (99). In wild mammals, herbivorous mice, voles and hares were reported to have 
lower DDT residues than carnivorous mink and shrews (100,101). Fat residues in deer exposed 
to DDT used for spruce bud worm control were up to 20ppm in the year of spraying (102). 
Male deer had considerably higher levels than their mothers. DDT residues have also been 
detected in black bears although there was no evidence of DDT spraying in that area (103). 
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It has been shown that persistent organochlorine pesticides have been widely dispersed in the 
environment as DDT residues have been found even in fish from the Antarctic (80). 
1.3 Occurrence of organochlorine pesticides in milk and other biological fluids 
1.3.1 Cow's milk 
Contamination of cow's milk with OCPs has occurred from spraying, dipping or the use of 
OCP-contaminated feed. Cows store these contaminants in adipose tissues and excrete a portion 
together with their metabolites in milk. The two common metabolites of DDT found in cow's 
milk are DDE and DDD (104-106). The amount of DDT in milk is closely related to body fat 
levels. The other OCPs appear to be similar to DDT in storage and excretion. Cows fed with 
roughage containing 5 and 10ppb of heptachlor epoxide excreted small but detectable amounts 
(0.4-7.7ppb) in milk within 5 days of feeding. This contaminant was detectable in the milk for 
10 weeks after the termination of feeding (107). 
1.3.2 Human milk 
The quantity of secreted milk produced by an individual mother varies. It is regulated and 
adjusted by the demand of the particular infant and controlled by hormones. Milk synthesis is 
promoted by increasing production of prolactin in blood shortly after delivery. Lactation is 
influenced by stress, nutrients, drugs and other chemicals which are able to modify honnonal 
status. It is also influenced by infant size, numbers of infant, eg twins, and suckling patterns 
(108). 
Since there are a number of factors affecting the composition of breast milk, the collection of 
representative samples is rather important. The composition of milk changes gradually from the 
time of delivery until the termination of lactation. The fat content of milk collected by 
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expressIng into a tube was significantly higher than that collected by using a nipple latex shield 
with a small tube built in to allow milk samples to be taken while a baby was suckling (109). 
Variations in milk fat concentrations have been observed since 1954 by Hytten (110,111). 
Hence, it is important in the investigation of fat-soluble compounds in n1ilk to sample milk with 
care. It is also important when estimating the amount of milk contaminants taken by the infant 
via breast feeding. 
In 1983, the United Nations Environment Programme/World Health Organisation 
(UNEP/WHO) reported a pilot project assessing human exposure to selected organochlorine 
compounds through biological monitoring (6). The aim of this study was the systemic collection 
of comparable data on the environment throughout the world. Among the organochlorine 
compounds selected were p,p'-DDT, p,p'-DDE, ~-HCH and PCBs. One interesting result from 
this study was the difference in OCP levels in agricultural and industrial countries. Both p,p'-
DDT and p,p' -DDE levels were much higher in India, China and Hong Kong than the other 
participating nations (ie, Belgium, Federal Republic of Germany, Japan, USA and Sweden) (see 
Table 8). ~-HCH was also higher in Hong Kong, China, India and Japan with 17.5,6.6,4.6 and 
1.9mg/kg milk fat, respectively (see Table 8). HCH was widely used in Japan on rice fields 
before 1971 and human milk, food of animal origin and the environment generally were 
contaminated by ~-HCH. 
Table 8 Median levels of p,p'-DDT, p,p'-DDE and ~-HCH in human milk (mg/kg fat) 
Country, City Year p,p'-DDT p,p'-DDE 
bBelgium, Brussels 1982 0.13 0.94 
bGermany, Hanau 1981 0.25 1.2 
bSweden, Uppsala 1981 0.09 1.6 
bUSA, 22 States 1979 <0.10a 1.5 
bChina, Beijing 1982 1.8 4.4 
CHong Kong 1985 1.99 9.39 
bIndia, Ahmedabad 1981 1.1 4.8 
bJapan, Osaka 1980/81 0.21 1.5 
a : The LOD of the method used. 
b : Slorach, S A and Vag, R (eds) (1983) UNEP/WHO (Ref 6). 
c : Adapted from Ip and Phillips (1989) (Ref 112). 
~-HCH 
0.20 
0.28 
0.085 
<0.05a -
6.6 
17.5 
4.6 
1.9 
The daily intake of p,p' -DDT and p,p' -DDE by breastfed infants from the participating countries 
exceeded by several fold the acceptable daily intake (ADI) set by the Food and Agricultural 
Organisation/WHO (F AO/WHO) in 1970 of 5J.1g/kg body weigfit ~specially in the agricultural-
based countries. They also exceeded the ADI for ~-HCH of 10J.1g/kg body weight (see Table 9). 
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Table 9 Calculated daily intakes of p,p'-DDT, p,p'-DDE and ~-HCH by breastfed 
infants at median and maximum levels (Jlg!kg body weight) 
Country, City Year 
bBelgium, Brussels 1982 
bOermany, Hanau 1981 
bSweden, Uppsala 1981 
bUSA, 22 States 1979 
bChina, Beijing 1982 
CHong Kong 1985 
blndia, Ahmedabad 1981 
bJapan, Osaka 1980/81 
p,p'-DDT 
median max 
0.59 2.7 
1.1 8.6 
0.41 0.81 
<0.45a 14 
8.1 44 
9.0 18.2 
5.0 34 
0.95 5.4 
p,p'-DDE 
median max 
4.2 23 
5.4 23 
3.6 9.9 
7.2 77 
20 119 
42.3 103 
22 76 
6.8 24 
a : The LOD of the method used. 
b : Slorach, S A and Vag, R (eds) (1983) UNEP/WHO (Ref 6). 
c : Adapted from Ip and Phillips (1989) (Ref 112). 
26 
~-HCH 
median max 
0.90 3.1 
1.3 16 
0.38 0.90 
<0.23a 1.4 
30 87 
78.6 122.6 
21 54 
8.6 35 
1.3.3 Blood, cord blood and placenta 
Organochlorine hydrocarbons~ ie PCBs, OCPs, are not soluble in aqueous solution but can form 
non-specific bonds with hydrophobic sites on blood proteins. PCBs bind to lipoproteins (ie, 
low-high density lipoproteins) whereas DDTs and dieldrin bind to albumin. The removal of 
these components from blood circulation into muscle and liver is rather rapid. The redistribution 
from muscle and liver to storage in adipose tissue occurs more slowly although with a much 
higher affinity, and eventually equilibrium is reached among all tissues (113). Phillips et ai, 
1989) (114) reported that the level of PCBs, HCB and p,p'-DDE in the serum of "non-fasting 
blood was higher than when fasting one of the individuals, and suggested the levels of lipophilic 
contaminants should be reported on the basis of fat weight. 
Several drug and environmental contaminants have been found to transfer across the placenta to 
the foetus (115). PCBs and DDE were detected in maternal serum, cord blood, placenta and 
milk (116). The levels of both PCBs and DDE were higher in milk than in serum, and higher in 
maternal serum than in placenta. For DDE, levels in cord blood were only about one-third of the 
levels in maternal blood at birth. Almost all samples of milk showed detectable levels of both 
PCBs and OCPs. The fat content in milk, placenta and blood were 1 to 6, 1 to 1.5 and O.5g 0/0 
w/v, respectively. 
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1.4 Contamination of organochlorine pesticides in water 
OCPs like other pesticides can reach ponds, lakes and rivers by vanous means. After 
application, they may enter water courses accidentally from soil runoff (117), be discharged with 
sewage effluents (118), industrial effluents (119) or be carried down from the atmosphere in the 
rain (120). However, the two most important sources of contamination are runoff from 
agricultural land and discharges in pesticide plant effluents. Because of the lipophilic nature of 
most OCPs, they are generally soluble in water only at trace to ultra-trace levels, most are 
adhered to particulates, floatings and on sediments. For instance, the monitoring of pesticides in 
the Mississippi river delta found much larger quantities of OCPs in mud and sediment than in 
water (121). The distribution of DDT in ponds was quickly concentrated into the bottom mud 
and vegetation (122). Aldrin and lindane were also shown to have lower concentrations in water 
than in mud (123). It is likely that adsorption on sediments is a major factor in removing OCPs 
from water with partition between water, suspended materials and sediments. In one study DDT 
which was used in large amounts on soil in a watershed was detected in the mud but not in water 
(124). 
OCPs in the atmosphere are probably vapour from pesticide drifts, soil or surface water and 
contributes to OCPs found in rain water. DDTs, dieldrin and HCHs have been reportedly found 
in rain water (125,126). 
Dieldrin in surface waters near eroded agricultural areas are likely to come from runoff from 
treated soil. Sediments bearing lipophilic pesticides (ie, aldrin, dieldrin) can result in low 
concentrations in surface water. Thus, rain water runoff without sediments does not appear to be 
a major contribution. In 1980, Sharom et al studied the adsorption and desorption of 12 
insecticides in soil and aqueous suspensions of soil and sediment (127). The adsorption order on 
soil and sedin1ent of 4 OCPs was DDT> dieldrin> endrin> lindane and the desorption order was 
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lindane> endrin> dieldrin> DDT. It appeared that the amount of desorption was proportional to 
water solubility. The persistence of these 4 OCPs in distilled and surface water was also studied 
by Sharom et aI, 1980 (128). The most stable components in water are dieldrin and endrin 
whereas DDT and lindane disappear rapidly (4 weeks) in surface water, but DDT is stable 
throughout the 16 week period in distilled water. The movement of aldrin and dieldrin by runoff 
and soil erosion was studied by Haan, 1971 (129). Each pesticide was applied at 1.65kglhectare 
to the surface of small plots in a greenhouse. Water was applied and the runoff water, sediment 
and surface soil (O.6cm deep) were analysed. Both aldrin and dieldrin were found in the surface 
soil at about 95% of the total amount used. It was concluded that there was no difference in the 
potential for losses of aldrin/dieldrin from soil by rainfall whether the rainfall occurred shortly 
after application or several days later. Nevertheless, surface water has often been reported to 
contain small amounts of dieldrin. Richard et aI, 1975 (130) reported dieldrin ranging from 3 to 
75ppt in river and stream water and from 3 to 18ppt in reservoirs. During the period 1976-80, 
dieldrin was detected in about 2.4% of samples from national surface waters in the USA with the 
highest concentration at 610ppt (131). 
The detection of OCPs in ground waters seems unlikely. A series of ground waters in Nebraska, 
USA in 1978 were sampled from the areas where aldrin had been extensively used to control 
corn rootworm. Neither aldrin nor dieldrin was detected although the reported limit of detection 
of aldrin and dieldrin was 5 and 10ppt, respectively ( 89). In the 1970s, dieldrin was detected in 
drinking water in the USA with a value up to 771 ppt (133). Dieldrin has also been detected in 
Canadian drinking water at levels between 0.1 and 4ppt (134) and also in the Virgin Islands at a 
mean level of 100ppt (135). 
In conclusion, OCPs are unlikely to be detected in surface waters and ground water but they 
might be detected in runoff water from pesticide-treated land. In ground water, they will be 
detected if it was contaminated from spillage and leakage through the ground water reservoir. 
OCPs in the atmosphere might be a source of contamination in rain water. In drinking water, 
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OCPs in heavily contaminated water supply sources, ie in surface water, might pass through 
treatment plants into the water supply (136). 
1.5 Analysis of organochlorine pesticides in biological and environmental samples 
In recent years, advances in analytical instruments have enabled us to measure pesticide residues 
and industrial pollutants in biological and environmental samples down to nanogram and 
picogram levels. This is partly due to the availability of highly sensitive and specific detectors. 
However samples must be pretreated before introduction onto the analytical system to minimise 
interferences from the matrix. Generally, pesticide residue analyses comprises at least 3 
distinct steps, namely sample preparation, analysis, and confirmation. 
1.5.1 Sample preparation 
Residue analysis for either biological or environmental monitoring needs representative and 
intact samples. The sample type often dictates the pretreatment method, for example serum and 
milk need protein precipitation, vegetables and fruits may need chopping and blending. 
Extensive sample clean up is often required since coextractives may interfere/damage the 
detection system. 
1.5.1.1 Sample collection and storage 
Samples must be representative, collected and stored in suitable containers and stable up to the 
time of analysis. Tests on the effects of types of container, transportation and storage should be 
carried out before the actual field or in-house sampling starts. Some pesticides might be 
adsorbed onto container walls, for example on glass or plastic tubeslbottles. During sample 
transportation from the site of collection to the laboratory it might be necessary to keep the 
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sample at ambient or a cool temperature, or even in the frozen state. The time of storage from 
sampling until analysis can be a crucial factor in causing erroneous results. Storage effects can 
be identified by fortifying or spiking pesticides of interest into blank samples and then storing 
under various conditions such as at room temperature (25°C), in the refrigerator (about 4°C) or 
in the freezer (at -20°C or at -70°C). Such studies should ideally be carried out and reported as 
part of method validation. 
1.5.1.2 Extraction 
-
Samples such as soil, water, biological fluids and crops generally require some liquid extraction. 
Extraction methods generally should have at least 800/0 recovery and if possible should require 
only minimum further clean up. Mills et aI, 1963 (137) recommended acetonitrile for the 
extraction of OCPs and organophosphate (OPs) pesticides from vegetables. Due to the high 
toxicity and cost of acetonitrile, Luke et aI, 1975 (138) substituted acetone to extract OCPs from 
tomatoes, and the extracts were then cleaned up on a Florisil column eluting with 10% acetone-
petroleum ether. It appears that the "Luke method" has been used widely in crop and food 
analysis. The extractions of non-fatty matrices is often done by blending with a solvent or 
solvent mixture. Polar solvents such as methanol and acetone have been used for extracting 
fatty matrices such as milk, cream and cheese (137). The extracts are usually further cleaned up 
by partitioning with hydrocarbon solvents (often with hexane). Hexane has also been used for 
extracting human tissue and serum and animal tissues (139). To increase the efficiency of 
extraction, it is often necessary to repeat the extraction once or twice but not in all cases. 
Sometimes, coextracting compounds also increase and cause greater problem in subsequent 
clean-up steps. 
Soxh1et extraction is undoubtedly an exhaustive extraction technique, useful for thermostable 
chemicals. It has been used to remove OCPs and other pesticides from animal, dried/ground 
plant tissues, and soil samples (140-142). Blending is also commonly used particularly for the 
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extraction of fresh plant materials, and other non-fatty matrices such as food and crop 
composites (143). Ultrasonication has been used to extract OCPs and PCBs from soils and 
sediments, and comparable recoveries and precision to the conventional Soxhlet extraction 
(142,144) were achieved. Adsorption of organic analytes on Amberite XAD-2 macroreticular 
resin has been reported as a simple and rapid method for extracting OCPs from drinking water 
(145). The OCPs were eluted in n-hexane and assayed without further clean up. Other water 
types such as surface and waste waters which are often turbid and heavily polluted are extracted 
with n-hexane and cleaned up using an alumina microcolumn. This method has been used and 
recommended by the US Environmental Protection Agency (USEPA) (146). 
1.5.1.3 Clean up 
Sample clean up often involves liquid-liquid partitioning, adsorption chromatography, acidic and 
alkaline treatments or distillation. Sometimes, two or more of these techniques are exploited, 
sequentially. The solvent system most frequently used for liquid-liquid partitioning is petroleum 
ether-acetonitrile which is well described in the US Food and Drug Administration, Pesticide 
Analytical Manual (USFDA, PAM) (153). Dimethyl sulfoxide has also been used to replace 
acetonitrile when dealing with matrices with a very high fat-content. 
Conventional and minicolumn adsorption chromatography using Florisil and selective elution of 
OCPs is frequently used in sample clean up (147,148). Elution is normally achieved using 60/0 
diethyl ether in petroleum ether followed by a 150/0 solution or by using a mixture of solvents 
(ie, methylene chloride, acetonitrile and hexane). Stimae, 1979 (149) described the use of ethyl 
ether for pre-washing Florisil columns as resulting in superior clean up and recovery to using 
6% of ethyl ether only. Other adsorption columns used for sample clean up have included 
alunlina (150), silica gel (151), and magnesium oxide-celite (152). 
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Alkaline and acid hydrolyses have been selectively used to remove coextractives (121). A 
column of sulphuric acid impregnated celite has been used to clean up DDT extracts. and 
alkaline hydrolysis has also been effective for the clean up of some OCPs, ie aldrin, dieldrin, 
endrin and PCBs (153). Sweep-codistillation has been satisfactorily applied to clean up fatty 
samples (154,155). An automated gel permeation chromatography system has been described 
by Johnson et ai, 1976 (156). Bio-beads SX-3 column with a toluene-ethyl acetate mobile phase 
was reported to be· efficient, rapid, and gave good recoveries of OCPs and PCBs. Gel 
permeation chromatography (GPC) is widely employed for the clean up of OCPs and other 
organochlorine compounds from co-extracted lipids (157,158). 
Since the early 1980s, small disposable columns or cartridges of bonded silica have shown 
advantages for the isolation of trace organic compounds from water (159). This extraction 
technique is known as solid phase extraction (SPE). The bonded silica cartridges have several 
advantages over the conventional adsorbents such as polystyrene/divinyl benzene or XAD resins 
(145), activated carbon (160), and polyurethane foam (161). SPE cartridges enables us to 
prepare samples rapidly, effectively and economically by employing less glassware and solvents. 
Several types of bonded silica cartridges are commercially available, cyano (CN), diol 
(COHCOH), octadecyl (CI8), octyl (C8), cyclohexyl, phenyl and a whole range of others (161a). 
Some sample types, eg, animal and plant tissues, soils and sediments still need liquid extraction 
as a primary step, after which the extracts might be further cleaned up and concentrated by SPE. 
Reversed phase bonded silica cartridges, ie C8, C18, have the advantages of allowing operation 
with either non-polar or polar solvents. One important application of SPE in residue analysis is 
that it allows extraction of a large volume of a dilute solution followed by elution with a small 
volume of another appropriate solvent (s) (162-164). This is known as trace enrichment. 
Furthermore, SPE is also useful for the clean up of the crude primary extracts. 
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1.5.2 Techniques available for trace organic analysis 
Several techniques are available for the analysis of trace organics such as pesticides. These 
include chromatography, immunoassay, mass spectrometry, nuclear magnetic resonance (NMR) 
(l64a, b, c, d, e, f, g) 
spectroscopy and ultraviolet-visible-infrared (UV -VIS-IR) spectrophotometry~. The most 
frequently used technique in biological and environmental monitoring of OCPs and other 
organochlorine compounds is chromatography, particularly gas liquid chromatography (GLC). 
GLC has several advantages particularly the availability of sensitive, selective and specific 
detection systems such as ECD, nitrogen phosphorus detector (NPD) and mass-spectrometry 
(MS). Furthermore, recent advances in capillary column technology have enabled us to separate 
many pesticides much more efficiently than conventional packed columns. Other 
chromatographic techniques, ie high pressure liquid chromatography (HPLC) and particularly 
thin layer chromatography (TLC) are rarely sensitive enough for residue analysis with the 
present detection systems available. There have been some efforts to couple sensitive detectors, 
for instance ECD and MS, to HPLC systems but interfacing these is more difficult than in GLC. 
NMR and MS in combination with chromatography are useful in identifying pesticides and their 
metabolites. UV -VIS-IR can seldom be used due to lack of sensitivity but IR can be exploited in 
identification. 
Biological assays or immunoassays are rapid, sensitive and have shown increased popUlarity in 
these fields. They have the potential for use in routine, mass screening for a particular pesticide 
or other pollutants at low levels. Hence, the two analytical techniques that have proved most 
useful for pesticide residue analysis are immunoassay and chromatography. 
1.5.2.1 Immunoassay 
Immunoassays are based on the measurement of antibody-antigen interactions. Antibody 
proteins are first raised against certain analytes or antigens. Antigen-antibody interactions can 
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be either competitive or non-competitive depending on the type of assay system. Modem 
detection of these interactions has been developed by labelling antigen or antibody with 
radioisotopes, enzyme tags (165), fluorescent tags (166,167), chemiluminescent and 
bioluminescent tags (168-170). For quantification with competitive interaction immunoassay 
the detection response is inversely proportional to the concentration of the analyte whereas with 
non-competitive interaction immunoassay (such as in the double antibody sandwich 
immunoassay), the detector response is proportional to the concentration of the analyte (171). 
Immunoassay techniques originated from Yal ow and BeT son in 1959 (172) usmg insulin 
labelled with radioisotope to develop a quantitative method for measuring human plasma insulin. 
This technique is known as radioimmunoassay (RIA). In 1971, Engvall and Perlmann (173), 
and Van Weeman and Schuurs (174) independently introduced the use of enzymes as another 
marker of sensitive and more versatile labels in immunoassays. Engval and Perlmann coined the 
term Enzyme-linked immunosorbent assay (ELISA) which involves either antigen or antibody 
adsorbed to solid phase. These techniques are highly sensitive, specific and rapid in measuring a 
minute quantity of a particular analyte from a matrix, often with little or no sample cleanup. 
Until relatively recently, the development of immunoassays has mostly been for use in clinical 
applications. In pesticide analysis, a number of immunoassays have been reported, for instance 
RIAs for dieldrin and aldrin by Langone and Van Vunakis in 1975 (175), ELISA's for paraquat 
by Niewola et at, 1980s (176,177), for paraoxon which is the metabolite of parathion in blood by 
Hunter and Lenz, 1982 (178) and for atrazine in water by Huber, 1985 (179). The main 
disadvantages are the length of time to raise an antibody and the fact that they generally only 
determine one analyte. 
1.5.2.2 Thin layer chromatography (TLC) 
TLC involves the separation of analytes on thin layer plates covered with an adsorbent. 
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Individual analytes separate by virtue of their different affinity for the adsorbent, partitioning 
between the thin layer and the solvent diffusing along the plate. Ideally analytes show as 
individual spots on the thin layer plate. Qualitative and semi/full quantitative evaluation of the 
spots can be done under UV light, or by densitometry after reagent spraying. 
Some groups of pesticides such as carbamates which are not amenable to analysis by GLC can 
be analysed by this technique. A number of applications of TLC in pesticide analysis has been 
reported. A combined TLC - biological technique has been used to detect triphyltin fungicide 
isolated from soils and plants (180), and the determination of OCPs in water by -quantitative 
TLC after C18 SPE has been reponed (181). Modem TLC or high performance TLC (HPTLC) 
employing a spotting sampler, reversed phase CI8 plates, and a sensitive densitometer allow the 
detection of several pesticide groups OCPs, OPs and carbamates with a detection limit from 
IO-50ppb in fruits and vegetables (182). 
1.5.2.3 High pressure liquid chromatography (HPLC) 
In common with its predecessor liquid chromatography (LC), HPLC involves the separation of 
compounds on a column by passing a liquid mobile phase through the column followed by 
online detection. The retention of each component depends upon the adsorption/partitioning 
between the stationary phase and the mobile phase. Although HPLC has been widely used in 
several analytical areas, in pesticide residue analysis its use has been restricted by the lack of 
specific and sensitive detection systems. However, HPLC has been useful in sample clean up. 
Dolphin et ai, 1976 (183) have shown that a two-column system and switching valves can be 
used to analyse milk fat and OCPs. The system is rather complex, requiring multiple pumps, 
columns and switching valves, but has potential for automation. HPLC is very useful for the 
analysis of OP formulations but rather limited in residue analysis. Ramsteiner and Hormann, 
1975 (184) analysed four OPs using HPLC combined with a cholinesterase inhibitor 
autoanalyser. 
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Carbamate pesticides are thennolabile and difficult to analyse by GC, and HPLC is therefore an 
option. Colvin et aI, 1974 (185) analysed carbaryl in various fonnulations using a 61cm x 
2.1mm Carbowax 400/Poracil column, chlorofonn-isooctane (20:80) as a mobile phase and UV 
detection at 254nm. 
HPLC obviously has an important role in pesticide fonnulation analysis but the lack of sensitive 
and selective detectors limits the use of HPLC in residue analysis. Several attempts have been 
made to couple GC detectors such as ECD, NPD, Coulson electrolytic conductivity detector 
(CECD) and MS with HPLC systems. Willmott and Dolphin, 1974 (186) reported that effluent 
from a liquid chromatograph had been vaporised and passed through an ECD. They used a 
silica column with hexane as eluent to separate OCPs and were able to detect 40pg of aldrin. 
Dolan and Seiber, 1977 (187) used a reversed-phase liquid column at low flow rate (0.5mVmin 
maximum) to separate OCPs and detected them by CECD. The column effluent was vaporised 
in a furnace, then passed into a quartz pyrolysis tube (700-900°C) with hydrogen gas. The HCI 
resulting from OCPs was detected conductometrically. However, the sensitivity was rather poor 
with a minimum detectable quantity of 5 to 50ng for lindane. 
Coupling of HPLC with MS has been attempted and a number of successes have been reported 
such as Arpino et af, 1974 (188), McFadden et af, 1977 (189). Arpino et af introduced a small 
fraction (about 1 %) of column effluent into the ion chamber directly, with the MS operating in 
the chemical ionisation mode and utilising the solvent vapour as reagent gas. This technique has 
been used for acquisition of full mass spectra and also for operation in the selected ion 
monitoring mode. The sensitivity is in the subnanogram level. Generally though HPLC is of 
limited value for measuring trace levels of OCPs. 
Since the development of reversed phase columns, a number of applications of HPLC was 
reported on analysis of .various pesticides. su~h as. nifluridide, an experimental insecticide, in 
water (189a), dicamba In water (l89b), tnaZlnes III water (189c,d) and carbaryl in fruit juices 
(18ge). 
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1.5.2.4 Gas liquid chromatography 
GLC is ideally suited for the separation of volatile compounds. The separation process in GLC 
involves continuous distribution of each component between a mobile gas and a stationary 
phase, typically a thin involatile - film liquid phase coated onto an inert-porous solid support or 
064a) 
onto the wall of a capillary column. Column peIiormance can be defined in term of resolution. 
Resolution is related to two important column parameters namely efficiency and selectivity. 
Efficiency is a reflection of the ability to limit zone spreading during elution. The overall 
efficiency of the column is usually expressed in terms of the number of theoretical plates, N, 
which can be calculated from, N = 5.54 (t/w)2 where t and w are retention time and peak width 
at half height, respectively. Since column length affects N, the height equivalent to a theoretical 
plate (HETP) is obtained from the length of column in m.m. divided by N. 
Capillary columns, introduced by M J E Gollay in 1958, have improved column efficiency 
(lR9[j 
significantly. Small internal diameter columns with the liquid phase layered directly onto the 
wall (open tubular columns) do not restrict gas mobile phase flow through the column, resulting 
in very high column efficiency. The efficiency of capillary columns is inversely proportional to 
the column diameter and film thickness but proportional to the length of the column. However, 
the longer the column is the longer the analytical time. 
Column selectivity is the affinity of liquid phase towards solutes, eg a non-polar phase is 
selective to non-polar compounds. The most commonly used carrier gases in GLC are helium, 
nitrogen, hydrogen and argon/methane. Nitrogen (although the most common carrier gas for 
packed column GLC) is not so suitable for capillary GLC due to its narrow range for optimum 
linear gas velocity. Helium and hydrogen are more common but the latter is less favourable due 
to safety reasons. 
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Injection Techniques 
Sample introduction onto capillary GLC is crucial since the internal diameter of capillary 
column is so small, ranging from O.2mm up to O.Smm. A number of injection techniques have 
been developed. These include split, splitless, on-column and programmed temperature 
vaporisation (PTV) (190). Using split injection a microsyringe is used to inject samples into a 
heated injector where they are vaporised. A small proportion of vaporised sample is flushed into 
the column and the remainder is then vented to waste. The ratio of vapour flow to vent to 
vapour flow through the column is called the split ratio (SR). In view of the fact that most of the 
sample does not reach the column the split injection technique is suitable for fairly high 
concentration samples approximately 100 to 1000ppm. Some problems have ansen with 
this technique such as mass discrimination, poor reproducibility and thennal decomposition. 
However, these problems might be alleviated using an internal standard. 
With splitless injection 90-95% of sample vapour in the injection chamber is flushed through the 
column by closing the split valve for a while, usually a few minutes. The solvent is trapped at 
the column inlet provided the column temperature is set lower than the boiling point of the 
solvent, usually 20°C below. This solvent trapping helps to keep the sample band narrow at the 
head of the column by recondensing analytes on the solvent layer before commencing 
chromatography. This technique is known as splitless injection with solvent trapping or solvent 
effect and was introduced by Grob and Grab in 1969 (191). This technique has also been 
reported as producing mass discrinlination and poor reproducibility (192). The solvent effect 
obtained by injection of a large volume of solvent (> 1~1) is frequently used to focus early-
eluting peaks at the head of the column (193). The splitless time should be optimised as long 
exposure to the heated inlet chamber may increase thermal decomposition of some components 
(194). This splitless technique is valuable for residue analysis although it needs considerable 
practical skill to achieve reproducibility. However, with the use of an internal standard and 
autoinjectors the technique has come into routine use. 
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With cold on-column injection the sample is introduced as a liquid onto a cool column by means 
of specially designed micropipette or syringe. This technique hadbeen described in principle by 
Desty in 1965 (195) and implemented by Schomburg et aI, 1977 (196) using a micropipette or a 
sample cup. Direct cold syringe injection has been described in 1978 by Grob and Grob 
(197,198). However, this technique is rather difficult to automate although sample 
discrimination can be avoided. 
PTV injection is designed to overcome some problems associated with having a hot needle in the 
conventional vaporisation chamber by introducing the sample into a cooled injection chamber. 
The chamber is then heated ballistically to the required temperature. A large volume (10 to 
250~1) can be used since the solvent will be evaporated out to waste before the sample is flushed 
into the column. PTV injection was described first by Vogt et aI, in 1979 and 1980 (199,200) 
and has been further developed by Poy (201), Schomburg (202,203) and Trestianu (204). 
The exact choice of injection technique depends on levels of analytes to be detected. Splitless 
injection with solvent effect is often exploited in pesticide residue analysis. 
GLe columns 
Columns in conventional GLC are packed with an inert solid support coated with a thin film of 
liquid stationary phase. In high resolution capillary GLC the liquid phase is layered directly 
onto the column wall. Capillary columns have been improved immensely in recent years with 
various types of liquid phase available and technological advances in cross-linking of the liquid 
phase to the wall of silica capillary columns (205). A major advantage of these bonded phases is 
a reduction in phase bleeding and better themlal stability. 
Typical dimensions for packed columns for trace organic analysis are between 2-4mm internal 
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diameter (Ld) and 1.S-2 meter length. Capillary columns are between 0.2-0.Smm i.d. and 10-S0 
metres long. However, there is the potential to use shorter capillary columns with more efficient 
liquid phases in order to shorten run times. Some liquid phases commonly used in pesticide 
analysis are shown in Table 10. Polarity of liquid phases is increasing when the percentage of 
substitution of methyl moiety on silicones increases for example, OV -17 is more polar than SE-
54 and SE-S4 is more polar than SE-S2. 
Table 10 Some common liquid phases in pesticide analyses 
Chemical Name 
Non-polar liquid phases 
Dimethylsilicone 
5% Phenyl methylsilicone 
5% Phenyl, 1 % vinyl methylsilicone 
50% Phenyl methylsilicone 
Polar liquid phases 
7% Cyanopropyl 7% phenyl methylsilicone 
50% Trifluoropropyl methylsilicone 
From Ref 205a, b 
Detectors 
Common Name 
OY-I, SE-30, SP-2100, BP-I 
SE-52, BP-5, DURABOND DB-5 
SE-54 
OY-I7, SP-2250 
OY-I70I 
OY-2IO, QF-I, SP-240I 
Several detectors have been developed for GLC such as ECD, MS flame photometric detector 
(FPD), flame ionisation detector (FID) and alkali flame ionisation detector (AFID). The most 
relevant detectors for OCPs and other organochlorine compounds at trace levels are ECD and 
MS. Detector performance can be considered in terms of sensitivity, selectivity and linearity (205c). 
Detector sensitivity is the response per unit amount of sample. Sensitivity is related to the limit 
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of detection from a practical point of view, the detection limit is often quoted in terms of the 
amount of analyte required to produce a signal 2-3 times greater than the noise level. Detector 
selectivity is the response to particular types of compound. For instance, ECD is very selective 
towards the halogen containing compounds whereas FID is rather less selective since it responds 
to most organic compounds or carbon-containing compounds. Linearity is expressed as a plot of 
detector response against the amount of compound injected. Practically, the detector might be 
over-loaded or saturated at high concentrations, causing response to level off. It is therefore 
necessary to know the linear working range. Some characteristics of GC detectors are shown In 
Table 11. 
The ECD works on the principle that electrophilic molecules (such as those containing halogen, 
nitrogen and highly conjugated bonds) absorb free electrons emitted by an electron source, ie 
radioisotopes: 3H, 63Ni , 85 Kr. The electron beam ionises the carrier gas or make up gas 
producing a standing current collected by the electron collector. 
Table 11 Some characteristics of GC detectors 
Detector Selective to Sensitivity Linearity 
level 
ECD Halogenated compounds pg 104 
eg, OCPs, PCBs 
MS Specific to fragments pg 
3 
FPD Phosphorus pg to ng 1 olf obeying square Sulphur pg to ng 
law response 
FID All organics except ng 107 
formic acid and 
formaldehyde 
AFID Phosphorus pg to ng 10
3 
5 x 102 Nitrogen 
From Ref 205b, c, d, e 
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+ ---------~ 
Carrier high energy 
or make-up 
gas 
e 
low energy 
(free e-) 
When an electrophilic compound emerges from the column into the detector chamber it captures 
some free electrons causing a reduction in the standing current which will be detected. The ECD 
has a narrow linear range. Tritium (3H)-electron sources provide a wider range than 63Ni, but 
the former can be used only up to 220°C whereas the latter can be used up to 350-400°C. Non-
radioactive electron capture or microwave sources can be used at temperatures up to 500°C 
(206,207) but are still in the development stage. 
GC/MS is not only a very specific but also very sensitive technique. It works on the principle 
that when a molecule is ionised in a vacuum, a characteristic group of ions of different masses 
are formed. A mass spectrum is produced by separating these ions and recording a plot of ion 
abundance versus ionic mass. Generally, a MS consists of an ion source, a mass analyser of 
ions, an ion detector and a vacuum system. The ionisation process in the MS can be divided into 
two different methods, electron ionisation or impact (EI) and chemical ionisation (CI). In 
electron impact mass spectrometry (ElMS), the electron beam interacts with the sample 
molecules in the ion source to form a complex mixture of ions. Many molecules do not have 
stable molecular ions and the relative abundance of the molecular ions may be so small that they 
can not be identified. With chenlical ionisation mass spectrometry (CIMS), a reagent gas, often 
methane, is introduced into the ions source and ionised by the electron beam to produce reactant 
ion which can then interact with the sample molecules. The major reaction that occurs is proton 
transfer which initially forms (M + H)+. Chenlical ionisation, is known as a soft ionisation 
technique. 
Basically, there are two commonly llsed types of mass spectrometers which are classified 
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according to the principle used to separate ionic masses~ namely the quadrupole mass 
spectrometer and magnetic sector mass spectrometer. 
Increasing the sensitivity of MS by tuning to detect a few pre-selected ions is known as selected 
(205e) 
ion monitoring (SIM) and is extremely useful in ultra-trace organic analysis. Amounts lower 
than 1 pg can be detected on some systems, however, optimisation of all GC-MS parameters is 
often required. With computerised data handling, MS data analysis has been simplified but the 
cost and the need for highly skilled operators are still major drawbacks of the technique. 
The flame photometric detector (FPD) is selective towards sulphur and phosphorus pesticides (205c). 
When the compounds are burnt in a hydrogen-rich flame~ they emit chemiluminescence of 
* S2 and HPO* at wavelengths of 394 and 526nm, respectively. The emitted light is filtered out 
and detected by a photomultiplier tube. Two nlajor drawbacks of the FPD are the narrow linear 
range, 103 for phosphorus and 103 for sulphur (208). The sulphur signal has to be converted 
from a square response to a linear signal. FPD is regarded as an expensive detector difficult to 
operate. 
The flame ionisation detector (Fro) is the most widely used GLC detector due to its wide linear 
range, excellent reliability and ease of operation and maintenance. Almost all organic 
compounds can be detected by the FID but it is less applicable for pesticide residue analysis as 
sensitivity is not high enough. With a FID the column effluent from the GLC is burnt in a 
hydrogen flame causing a change in ion flow between the negatively charged flame and the 
positive charged collector electrode. The change of ion flow is proportional to the be amount of 
the compound being burnt and also proportional to the number of carbon atoms in a molecule. 
The alkali flame ionisation detector (AFID) is modified from the FID using a solid alkali metal 
(205b, c, d) 
salt just above the flame. This significantly increases the sensitivity towards the compounds 
containing nitrogen and phosphorus. The AFID is a very useful detector in the analysis of 
44 
organophosphates, carbamates and triazines. The linearity of the detector is typically of 5x102 
to 103. 
The exact choice of detector depends on the type of compound to be assayed and the detection 
levels required. For OCP analysis at trace levels the ECD is ideally suited for routine analysis, 
with MS needed for absolute confirmation. 
1.5.3 Confirmation tests 
A confirmatory test is sometimes required to verify the result of an initial analysis and is usually 
carried out under different experimental conditions. Such tests are essential in pesticide residue 
analysis since the identification of components from the initial analytical measurement might be 
subject to interference from the matrix. In GLC analysis, the change in retention time of a 
pesticide with different stationary phases is frequently used. Undoubtedly, GC-MS is the 
ultimate technique for confirmation but its use is still limited. It is not routinely available, 
especially in developing countries. 
Since the vast majority of nlethods for pesticide residue analysis have exploited 
chromatographic techniques, a second chromatographic system for example based on chemical 
derivatisation can be used for confirnlation. The main advantage of this approach is that 
expensive equipment is not required for the sole purpose of confirmation. 
TLC is often used to confirm results obtained from GC or HPLC. Confirmation cannot be based 
solely on the retention factor (Rf) but should be associated with chemical confirmation tests. 
Chemical derivatisation might be pre- or post-TLC but more often the latter. TLC spray 
reactions for confirmation of OCPs use silver nitrate/2-phenoxyethanol (209), silver nitrate 
(210), diphenylamine/zinc chloride (211), rhodamine-B (212), ,o-toluidine (213) or iodine 
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vapour (214). Detection uses UV light or a scanning densitometer if available. 
HPLC confirmation after derivatisation has not been common for OCPs though it is more 
common for carbamates (215), OPs (216,217) and urea herbicides (218). The dansylation 
procedure has been used to confirm the presence of carbofuran and it~ two metabolites in food 
samples (219). The initial analyses were carried out directly with UV detection at 280nm for 
carbofuran and 3-hydroxy carbofuran and 254nm for 3-ketocarbofuran. Confirmation was by 
dansyl derivatisation with UV detection at 365nm or by fluorimetry at 365nm excitation and 
400nm emission. 
The confirmation of OCPs and PCBs priority pollutants in water required in EPA Method 608 is 
GC ECD . d'f'C . h
l219a)Th I' I I . d' I' h 
- usmg a 1 lerent statIonary p ase. e ana ytIca co umn IS a me lUm po anty p ase 
consisting of 1.5% SP-2250/1.95% SP-2401 and the confirmation column is a non-polar phase, 
3% OV -1. Confirmation by GLC using a second stationary phase is a very common practise m 
residue analysis particularly if MS is not available. 
1.6 General considerations in method development 
Generally, methods for the determination of OCPs and other organochlorine compounds In 
biological and environmental samples involve sample preparation and instrumental analysis. 
1.6.1 Milk matrices 
In general milk is a rather complex matrix, especially human milk, which contains a large 
number of lipophilic contaminants, compared with other biological fluids or dairy milk. 
Lipophilic contaminants in human milk are excreted from mothers' contaminant pool in fat 
tissues. Non-occupationally exposed lactating lTIothers have generally been previously exposed 
to environmental contaminants via the food chain, and often for more than 10 years before their 
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fIrst period of lactation. Dairy animals however, have been exposed for a shorter time to 
environmental pollutants via food etc, and routinely excrete into milk. Undoubtedly, human 
milk is more contaminated than dairy milk. Hence, the availability of a pool of blank 
uncontaminated milk for method development and the construction of calibration curves is more 
practical from dairy milk rather than from human milk. Furthennore, dairy milk can be obtained 
much more easily than human milk. In the study by UNEP/WHO of organochlorine compounds 
in human n1ilk (6), cows' milk was spiked and used for analytical quality assurance. 
For sample extraction, the traditional approach of extraction of non-polar compounds with non-
polar solvents is still applicable for some matrices, but for milk this is not the case (219). It has 
been postulated that the hydrophobic sunace of milk fat globules hinders non-polar solvent 
extractions of non-polar compounds. Interestingly, increasing the polarity of the solvent mixture 
has been found to give better recovery. Tessari and Savage, 1980 (147) reported GLC 
detennination of OCPs and PCBs in human milk. Milk samples were extracted with acetonitrile, 
and then partitioned with acetone-hexane. The extracts were further cleaned up by Florisil 
adsorption chromatography. Another similar approach has been reported by Dommarco et aI, 
1987 (220). Suzuki et aI, 1979 (221) extracted human milk samples with a mixture of hexane -
acetonitrile - ethanol, and the extracts were also cleaned up by Florisil with three fractions of 
eluate taken for GC analysis. Dao et aI, 1983 (222) also used a polar solvent mixture and 
reported the successful extraction of non-polar pesticides. 
The extraction techniques will usually be Soxhlet extraction, homogenisation, roller mixer, 
blending mixer and ultrasonication. Ultrasonication has been used for extraction of OCPs and 
PCBs from soil and sediment by Johnsen and Starr, 1972 (223), Bellar et aI, 1980 (142) and 
Dunnivant and Elzerman, 1988 (144). The extraction efficiencies are comparable to 
conventional techniques such as Soxhlet and steam distillation, and ultrasonication can shorten 
the extraction step. Another application reported is the extraction of paraquat residues from 
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milk, beef and potatoes. These three matrices were extracted by ultrasonication with 
hydrochloric acid (224). So far, ultrasonication appears to be relatively efficient and has the 
advantage of speed over conventional techniques. Therefore, the recovery of analytes depends 
upon careful optimisation of both extraction technique and solvent selection. 
Davies and Mes, 1987 (225) studied OCPs and PCBs in Canadian breast milk. The cream phase 
from 24 hour breast milk samples was extracted with acetone-hexane (19:1, v/v) and cleaned up 
by semi-micro Florisil-silicic acid columns. Seymour et aI, 1987 (226) developed a new 
approach for the analysis of OCPs and PCBs in human milk using a mixture of celIulose fibre 
and Florisil (l + 1) to retain the non-aqueous components of human milk and allowed the water 
to evaporate. The dried milk was then extracted overnight by n-hexane using Soxhlet apparatus. 
High performance gel permeation chromatography was used to clean up samples with 200/0 
propan-2-ol in hexane as a mobile phase. The column temperature was elevated to 35 °C in 
order to reduce the viscosity of the injected sample. The first fraction was lipid and the second 
fraction contained OCPs and PCBs, which were assayed by capillary GC-MS. 
Noren and Sjovall, 1987 (227) analysed OCPs, PCBs, dibenzo-p-dioxins and dibenzofurans 10 
human milk using a lipophilic gel, Lipidex 5000 (a 50% hydroxyalkylated derivative of 
Sephadex LH-20) to simplify the extraction and clean up procedure. Formic acid was also 
employed to facilitate the extraction of analytes from chylomicrons, the same reason Beroza and 
Bowman, 1966 (219) used alcohol and acetonitrile. 
SPE employing alkyl-bonded silica cartridges (ie, C18, C8) has been successfully used for the 
extraction and concentration of environmental samples (162-164) since they have reversed-
phase characteristics as in a HPLC column. Hence, the preparation of milk samples by liquid-
liquid extraction followed by SPE and capillary GC-ECD analysis can improve methodology for 
the determination of OCPs in temlS of speed, sensitivity and cost effectiveness. 
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1.6.2 Water matrices 
Water samples are generally collected in a suitable container and sent back to the laboratory for 
analysis. Preservatives must be added since mould and bacteria in water can change the 
chemicals in water. Sample collection using conventional sorbent columns such as the 
Amberlite XAD - series (228-230), porous polymers, Tenax [or Poly(2,6-diphenyl-p-phenylene 
oxide)] (230,231), and carbon (232) have been popular as they can be used for on-site sampling 
and returned to the laboratory for further processing. However, these sorbent columns are 
mostly used under laboratory conditions to extract water samples from sampling site-so The pH, 
internal standard, etc can be tightly controlled but it is very difficult to do this in on-site 
sampling. 
Sample preparation for water samples usually reqUIres two basic steps, extraction and 
concentration though sample clean up is often necessary. The liquid-liquid extraction step often 
reqUIres a large volume (233-235) of solvent with the solvent extracts concentrated with 
Kuderna - Danish evaporation. Drying of such large volumes often causes some loss of 
components. To avoid this situation, a small volume of solvent (a few hundred microlitre) has 
been used successfully to extract organics from water (236). It was interesting that this micro-
solvent extraction in combination with capillary GC can extend the detection limit to ppt level. 
Meanwhile, minicolumns (l.2-1.8nlm x 25mm) of XAD resins have been shown to extract 
analytes effectively from 100ml water at the ppb level (228). The advantages of these 
techniques are simplicity and speed. 
The development of disposable columns or cartridges in the early 1980s has proved very useful 
in method development for organic compound determination. Bonded silica cartridges either C8 
or C18 have been used successfully in various types of environmental samples (162-164). These 
cartridges can be used for the extraction and concentrations of residues from a dilute solution, 
such as water, followed by elution with a few hundred microlitre to a few millilitre of solvent 
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(237-239). 
Both OCPs and PCBs are organic priority pollutants included in the total of 114 organic 
compounds according to the Consent Decree of the National Resources Defence Council 
(239a) 
(NRDC) and USEPA in 1976. Several EPA methods have been produced to monitor these 
C239b) (219a) 
pollutants in environmental samples such as EPA Method 625 and EPA Method 608 for waters 
and waste waters. EPA Method 625 employs solvent extraction (methylene chloride) for 
extraction and requires sample clean up with Florisil column chromatography. The extracts are 
assayed by capillary GC-ECD, with confirmation by GC-MS when there is some indication that 
OCPs and PCBs are present in the sample. EPA Method 608 employs the same solvent 
extraction and clean up procedure as Method 625. The analysis is by either GC or LC. If GC is 
used, the GC column will be a mixed medium polar phase such as 1.5% SP-2250/l.95% SP-
2401 or other equivalent phases with confirmation on a non-polar phase, ie, 3% OV -1. 
The present study has explored the use of SPE to simplify the preparation of milk and water 
samples. Milk samples can be treated with a single solvent extraction step followed by clean 
up/concentration by SPE. Water samples can be extracted/cleaned~ up/concentrated with solid 
phase extraction. The extracts from both milk and water samples are assayed by capillary GC-
ECD and confirmed by capillary GC-MS. 
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1.7 Aims of the present study 
The alms of the present study were firstly, the development and validation of capillary 
chromatographic methods, to measure OCPs in milk and in water. Secondly, the application of 
both methods to investigate OCP levels in milk and water samples collected from northern 
Thailand. Twenty-seven individual human milk and 17 individual potable water samples were 
assayed in pilot studies. A further aim was the assessment of the suitability of the methods for a 
more comprehensive study. 
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CHAPTER 2: MATERIALS AND METHODS 
2.1 General compounds and reagents 
The following OCPs (all 99% pure solid powder), a-HCH; P-HCH; r-HCH; p,p'-DDT; p,p'-
DDE; p,p'-DDD; endrin; dieldrin; aldrin and heptachlor were from Supelchem, Saffron Walden, 
Essex. Heptachlor epoxide (lOng/JlI in isooctane), hexachlorobenzene and 1,l-dichloro-2-(0-
chlorophenyl)-2-(p-chlorophenyl) ethylene (o,p' -DDE), 99% pure solid powder were obtained 
from Promochem, St Albans, Hertfordshire. 
Organic solvents (pesticide residue grade): acetonitrile, acetone, methanol, n-hexane, toluene 
and ethyl acetate were from BDH, Poole, Dorset and 2,2,4-trimethyl pentane (or isooctane) was 
from J T Baker UK, Hayes, Middlesex. 
Absolute ethanol, potassium hydroxide and sulphuric acid were from BDH, Poole, Dorset. 
Distilled water was prepared in the laboratory from a Fi-steam water still (Fisons Scientific 
Equipment, Loughborough). 
2.2 Gas chromatography equipment 
Initial work was performed on a packed column gas chromatograph, Pye 104 series with a 63Ni_ 
ECD (Pye Unicam, Cambridge). Packed column of 1.5% SP-2250/1.95% SP-2401 on 100/ 120 
supelcoport (Supelchem, Saffron Walden, Essex) and glass column of 1.5m x 4mm (i.d.) were 
obtained from Chromacol Ltd (London). 
Capillary OLC was carried out on either a Sigma 3B capillary GC with 63Ni-ECD (Perkin-
Elmer Corp, Beaconsfield) or a Hewlett-Packard model 5890 A with a 63Ni-ECD equipped with 
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an automatic injector (7673A) and an integrator (2296A) (Hewlett-Packard, Wokingham). A 
chart recorder model CR650 was from JJ Lloyd, Southampton. The column was a capillary 
fused silica SE52/4 immobilised phase (10m x 0.32mm (i.d.) x 1 ~m) from SAC 
Chromatography Ltd, Cambridge. 
A precIsIon plunger in needle microsyringe (1 ~l, 7cm long needle) for splitless injection was 
obtained from Scientific Glass Engineering, Milton Keynes. 
Capillary OLC-ECD for confirmation was also performed on a Sigma 3B Perkin -Elmer Gas 
Chromatograph with a 63Ni-ECD and Hewlett-Packard model 5890 A. The column was a 
capillary fused silica BP-l immobilised phase (25m x 0.32mm (i.d.) x 1 ~m) from SAC 
Chromatography Ltd, Cambridge. 
Capillary GLC-MS for confimlation was performed on a HP 5890 Series II (Hewlett-Packard, 
Wokingham) with a SPB TM20 (30m x 0.25mm (i.d.) x 0.25~m column) from Supelchem, 
Saffron Walden, Essex. 
Gas supplies were oxygen-free nitrogen (OFN) carrier gas for packed column GLC, and for 
make-up gas in capillary GLC-ECD. Helium was used as carrier gas in capillary GLC. Both 
gases were from BOC, London. The air supply for controlling column oven temperature in 
capillary OLC was generated from an air compressor from Jun-Air, Linwood, Paisley, Scotland. 
2.3 General apparatus and materials 
A vacuum manifold and C8, C18-bonded silica cartridges (200, 500mg) used for sample 
preparation were products of Analytichem International and obtained from Jones 
Chromatography, Hengoed, Mid Glamorgan. 
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An ultrasonicator for liquid-liquid extraction was a Mettler product and obtained from Radleys, 
Saffron Walden, Essex. Pyrex test tubes with P1FE-lined screw caps, size 16 x l00mm and 16 
x 120mm were from FSA, Loughborough. A refrigerated centrifuge Mistral 6L MSE (MSE 
Crawley, Sussex) was used to separate precipitates from solvent extraction of milk, typically at 
2000rpm at 20°C for 15 minutes. Gilson pipetteman P50, P200, PI000 and P5000 pipettes were 
from Gibson Medical Electronics, Villiers-Ie-Bil, France. A vortex mixer from FSA, 
Loughborough was also used. 
Glassware including graduate pipettes (5,10mls), volumetric flasks (5 and 10ml) were E-Mil'-
bora and glass conical flasks (50-ml, 2- and 5-1) were Pyrex, obtained from the Chemistry 
Department, University of Surrey. 
2.4 Milk collection 
2.4.1 Cows milk 
Full cream pasteurised cows milk (about 4% fat, w/v) was purchased from the University 
grocery shop and raw cows milk was given by Tilsey Farm (Bramley, Guildford). Pasteurised 
cows milk was spiked with 8 different levels of OCP mixtures for calibration curves and raw 
cows milk was spiked with 3 different levels of OCP mixtures for day-to-day reproducibility and 
recovery determinations (mentioned later in 2.7). 
2.4.2 Human milk 
Individual human milk samples were obtained from 27 healthy northern Thai mothers who had 
volunteered for research projects undertaken by Professor K Amatayakul and Dr P Cheovanich 
at the Research Institute for Health Sciences (RIHES) and Paediatric Department, Chiang Mai 
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University Medical School, Thailand. Milk samples (about 5-10ml) were expressed by manual 
vacuum pump into glass containers and then transferred into pyrex PTFE-lined screw cap tubes. 
The milk samples were kept frozen at -70°C for 7 -10 days, and then packed in dry ice and 
brought (by air) to the Robens Institute, University of Surrey for the determination of OCPs. 
Pooled human milk was obtained from Dr D Jackson and Dr M Woolridge of the Child Health 
Department, University of Bristol and aliquoted into 2ml in pyrex PTFE-lined screw cap tubes 
and stored at -20°C. These aliquots were used as unspiked human milk controls carried out 
along with individual human milk determinations. 
2.5 Water collection 
2.5.1 Tap water 
Tap water was collected in a 5 litre glass conical flask from a tap in the Robens Institute's coffee 
room. The tap was turned on for 30 minutes to drain the pipe before water was collected. One 
hundred mls of tap water was passed through a C8-bonded silica cartridge to check for 
interferences. The tap water containing the least interferences was aliquoted into 8 x 500ml 
portions and spiked with 8 different levels of OCPs to construct calibration curves (mentioned in 
detail later in 3.6.2. Another 2 litre tap water sample was collected and aliquoted into 3 x 500ml 
portions and then spiked with 3 different levels of OCPs for recovery determinations. Spiked 
distilled water was used along with spiked tap water for comparison during method development 
and validation. 
2.5.2 Potable water 
Seventeen potable water grab samples were collected in one litre polypropylene bottles from 
different sites in Chiang Mai and Lampoon Provinces, northern Thailand. For each sample 100-
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200ml was measured and 5-10ml methanol was added. The samples were then filtered through 
conditioned C8 cartridges and kept at 4°C in a refrigerator. The filtered cartridges were brought 
(by air) to the Robens Institute for OCPs determinations. 
2.6 Preparation of pesticide standard solutions 
2.6.1 Stock standard solutions 
Each pesticide was prepared (approximately 0.5mg/ml) separately in isooctane, except ~-HCH 
which was prepared in n-hexane/toluene 0:1). Each compound was accurately weighed (5mg) 
on a five place balance and made up to volume in a 10ml volumetric flask. These stock standard 
solutions were transfered into 16 x 100mm pyrex tubes with PTFE-lined screw caps, wrapped 
with aluminium foil and stored at 4°C in the refrigerator. 
2.6.2 Spiking standard solutions 
Seven different concentrations of a mixture of 10 pesticides were prepared in ethyl acetate from 
the stock standard solutions (from above). The lowest concentration contained 0.1 ~g/ml of (X-
HCH and l"-HCH; 0.2~g/ml of ~-HCH, heptachlor and heptachlor epoxide; 0.3~g/ml of p,p'-
DDE, dieldrin and p,p' -DDD; O.4~g/ml of endrin and 0.5~g/ml of p,p' -DDT. 
The range of concentrations were gradually increased by 2,3,4,5,7 and 10 folds of the lowest 
concentration mixture (shown in Table 12). 
Table 12 Concentrations of spiking standard solutions 
Conc. of spiking solution (J.lg/ml ethyl acetate) 
OCPs I II III IV v VI VII 
a-HCH 0.1 0.2 0.3 0.4 0.5 0.7 1.0 
P-HCH 0.2 0.4 0.6 0.8 1.0 1.4 2.0 
f-HCH 0.1 0.2 0.3 0.4 0.5 0.7 1.0 
Heptachlor 0.2 0.4 0.6 0.8 1.0 1.4 2.0 
Aldrin 
Hept epoxide 0.2 0.4 0.6 0.8 1.0 1.4 2.0 
o,p'-DDE 
p,p'-DDE 0.3 0.6 0.9 1.2 1.5 2.1 3.0 
Dieldrin 0.3 0.6 0.9 1.2 1.5 2.1 3.0 
Endrin 0.4 0.8 1.2 1.6 2.0 2.8 4.0 
p,p'-DDD 0.3 0.6 0.9 1.2 1.5 2.1 3.0 
p,p'-DDT 0.5 1.0 1.5 2.0 2.5 3.5 5.0 
2.6.3 Working solutions 
Each working solution was prepared by spiking standard solutions (50IlI) along with 250111 of 
internal standard solution (mentioned below) and adding isooctane up to 5ml in volumetric 
flasks. The lowest concentration of working nlixture contained 1ng/ml of a-HCH and l'-HCH; 
2ng/ml of P-HCH, heptachlor and heptachlor epoxide; 3ng/ml of p,p' -DOE, dieldrin and p,p'-
ODD; 4ng/ml of endrin and 5ng/ml of p,p' -DDT. Seven different concentrations of working 
solutions are shown in Table 13. 
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Table 13 Concentrations of working standard solutions 
Conc. of working solution (ng/ml isooctane) 
OCPs 1 2 3 4 5 6 7 
a-HCR 1 2 3 4 5 7 10 
~-RCR 2 4 6 8 10 14 20 
'f-RCR 1 2 3 4 5 7 10 
Heptachlor 2 4 6 8 10 14 20 
Aldrin 10 10 10 10 10 10 10 
Rept epoxide 2 4 6 8 10 14 20 
o,p'-DDE 20 20 20 20 20 20 20 
p,p'-DDE 3 6 9 12 15 21 30 
Dieldrin 3 6 9 12 15 21 30 
Endrin 4 8 12 16 20 28 40 
p,p'-DDD 3 6 9 12 15 21 30 
p,p'-DDT 5 10 15 20 25 35 50 
2.6.4 Internal standard solutions 
Aldrin and o,p' -DDE were used as internal standards. Aldrin (0.2).1g/ml) and o,p' -DDE 
(OA).1g/ml) were prepared separately in ethyl acetate from the stock standard solutions. 50).11 of 
each internal standard solution was used for 2ml milk or 100ml water which finally appeared in 
eluates for capillary GLC-ECD at 10ng/ml for aldrin and 20ng/ml of o,p' -DDE. 
2.7 Preparation of spiked cows milk 
Both pooled pasteurised and raw cows milk were stirred in a warm water bath (at about 37°C) 
for half an hour. They were then aliquoted into 8 x 50ml samples and the raw milk into 3 x 
50ml samples. Seven different concentrations of spiking solution (all 250).11) was added into the 
50ml pasteurised milk, and 250).11 of ethyl acetate was added into the other 50ml pasteurised 
milk as a blank. These eight spiked pasteurised cows milk were aliquoted into 2ml and stored at 
-200C in the freezer. These spiked milks were used to generate the extracted calibration curves 
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over a ten-fold range. 
Three different spiking solutions (250~1) were added into the 3 x 50ml aliquots of raw milk. 
These spiked milk samples were used during method validation for the assessment of day-to-day 
reproducibility and recovery determinations. 
2.8 GLC column assessment 
2.8.1 Packed column 
Columns were packed in the laboratory using the following procedures:-
a) Cleaning. 
A glass column 1.5m length x 4mm (i.d.) was cleaned with hot soap solution and rinsed 
thoroughly with hot tap and distilled water. The column was further rinsed with methanol, ethyl 
acetate and n-hexane, and then dried using OFN. 
b) Deactivation. 
The cleaned glass column was installed in the GC column oven connected only at the injection 
end. The ECD was capped to protect it from contamination. The oven was set to a temperature 
of 200°C to dry the column for an hour. The glass column was deactivated by injection with 3 x 
5~1 of 100/0 v/v, dimethyldichlorosilane (DMCS) in toluene every half an hour, and then left 
overnight. 
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c) Packing. 
The column was cooled down and taken from the column oven. Phase packing was poured into 
the column (via a small glass funnel) while vibrating the column under vacuum, until the 
packing was 5-7cm from the end. The injection end of the column was topped up with silanised 
glass wool (from Perkin-Elmer, Norwalk, Connecticut). 
d) Conditioning. 
Each newly packed column was installed in the GC connected only at the injection end. OFN 
carner gas flow was connected and gradually increased until the flow rate was about 
20ml/minute. The column temperature was gradually increased up to 200°C and left overnight. 
e) Performance testing. 
The conditioned column was injected with 3 x 1 ~l n-hexane and connected to the ECD detector. 
The performance of each newly packed column was assessed by injecting the test compound, ie 
dieldrin, p,p' -DDT. The efficiency of the column was assessed in term of the number of 
theoretical plates (N) which is 
N = 5.54 Retention time 2 
-------------------------------
Peak width at half height 
2.8.2 Capillary column 
New capillary columns were conditioned overnight at 270°C or 20°C above the anticipated 
operating temperature. Column efficiency was also assessed in term of the number of theoretical 
plates (N). 
L~ 0 
2.9 Methods for determination of organochlorine pesticides in milk and water samples 
2.9.1 Preparation of milk samples 
Every series of determinations contained one blank sample of unspiked pasteurised cows milk, 
pasteurised cows milk spiked at 7 known concentrations, 8 human milk samples (for OCP 
detennination), 3 spiked raw cows milk (for quality control) and 1 human milk (for quality 
control). 
2.9.1.1 Solvent extraction 
All 2ml milk samples were thawed and mixed well in warm water before processing. Internal 
standard solution (50JlI of aldrin 0.2Jlg/ml) was added to human milk samples, spiked and 
un spiked cows milk. 
All milk samples (2ml each) were extracted with 2ml ethyl acetate, 4ml methanol and 4ml 
acetone, and then vortexed for 1 minute. All sample tubes were then placed in an ultrasonic bath 
for 20 minutes. The tubes were centrifuged at 200rpm, for 15 minutes at 20°C and the total 
supernatant was aspirated into 50ml conical flasks. The average volume of supernatant was 
11.5ml. 
2.9.1.2 Solid Phase extraction 
After initial solvent extraction, solid phase extraction cartridges were used to further clean up 
and concentrate samples. Cl8-cartridges (500mg) were pre-conditioned with 2 x 1ml isooctane, 
2 x Iml ethyl acetate, 2 x Iml methanol and 2 x 1 distilled water. The vacuum was turned off, 
and care was taken to keep the cartridges wet. Thirteen ml of distilled water was added to the 
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supernatants. The diluted supernatants were then passed through the cartridges at a flow rate of 
6-8ml/minute. The conical flask was rinsed with 2 x 1ml distilled water. The cartridges were 
washed with 2 x 1ml 25% acetonitrile/distilled water and dried by pulling air through the 
cartridges for 3 minutes. The OCPs were eluted from the cartridges with 2 x O.5ml isooctane 
and these eluates were analysed using capillary GLC-ECD. 
2.9.2 Preparation of water samples 
Every series of determinations contained one blank sample of unspiked tap water, spiked tap 
water at 7 different known concentrations (for calibration curve generation), 8 water samples 
(for OCP detennination), 3 different levels of spiked tap water (for quality control). Every water 
sample was in glass bottles. 
2.9.2.1 Solid phase extraction 
One hundred ml of water samples was added with 5ml methanol and 50~1 of o,p'-DDE 
(O.4~g/ml) as an internal standard. All water samples were stirred well. 
C8-solid phase cartridges (200mg) were pre-conditioned with 2 x 1ml isooctane, 2 x 1ml ethyl 
acetate 2 x 1ml methanol and 2 x 1ml distilled water. The vacuum was turned off before , 
sample loading. Water samples were passed through the cartridges at a flow rate of 8-
IOmVminute. The glass bottles were rinsed with 2 x 1ml distilled water. The cartridges were 
washed with 2 x 1ml 25% acetonitrile/distilled water and dried by pulling air through the 
cartridges for 3 minutes. The OCPs were eluted from the cartridges with 2 x O.5ml isooctane 
and these eluates were then analysed using capillary GLC-ECD. 
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2.9.3 Capillary GLC-ECD 
Optimal operating conditions of capillary GLC-ECD with a 10m x 0.32mm (Ld.) x 1 Jlm SE 52/4 
column were: injection port 200°C; detector oven 320°C; column oven, initial temperature 80°C 
for 1 minute, increased by 10cC/minute to 250°C and held for 10 minutes; helium carrier gas 
inlet pressure 4.3psi which was 4Ocm/sec gas velocity (at 80°C); splitless injection with purge 
off for 1 minute, injection volume was IJll. 
The ECD was the pulse mode version and set at 1.0nA with OFN as the make-up gas at-the flow 
rate of 60ml/minute. 
The ECD of Sigma 3B was set at detection range of x 1 and amplification range of x4. The chart 
recorder was set at 1 m V with 0.5cm/minute chart speed. 
The ECD of HP5980 A was set at detection range of zero and amplification range of zero. The 
integrator settings were zero = 0, 0.507, attenuation = 0, chart speed = 0. Scm/minute, area 
rejection = 0, threshold = ° and peak width = 0.04. 
2.9.4 Quantitation method 
The calibration curve for extracted OCPs was obtained from linear regression analyses usmg 
Quattro Programme on Amstrad PCl64 HD30. Peak height (from Sigma 3B) or peak area (from 
HP 5890 A) of OCPs was compared to internal standard and peak height ratio (PHR) or peak 
area ratio (PAR) was used to calculate the concentration of OCPs against the calibration curves. 
60c 
CHAPTER 3: RESULTS AND DISCUSSION 
3.1 Analytical technique: gas liquid chromatography 
3.1.1 Packed column GLC-ECD 
The initial work was performed on packed column GLC-ECD, using a column of 1.5m x 4mm 
(219a) 
(i.d.) 1.5% SP-2250/1.95% SP-2401 on 100/120 Supelcoport. A solution of each pesticide was 
injected and its retention time determined from the chromatogram. The mixture of 10 OCPs in 
isooctane was then injected and each component identified according to their retention time. A 
representative chromatogram of pure OCP standards is shown in Figure 1. The resolution 
between ~-HCH and heptachlor, and p,p' -DDE and dieldrin was 0.90 and 0.80, respectively. 
Column performance in terms of theoretical plate numbers for p,p' -DDT was 2692 per meter. 
This mixed phase packed column did therefore show satisfactory resolution of 10 OCPs and 
chromatographic data is shown in Table 14. This column has been recommended as an 
analytical column for the determination of OCPs and PCBs in water in the EPA Method 608. 
However, it is unlikely to have sufficient resolution for multiresidue analysis of complex 
mixtures from environmental samples. 
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Ten OCP standards on a 1.5m x 4mm (i.d.) column of 1.5% 
SP2250/1.95O/o SP2401 on 100/120 Supelcoport. Operating conditions: 
column oven temperature at 200 0 e isothermal, injection port at 200oe, 
ECD detector oven at 300oe, OFN carrier gas was 25mllmin and make-up 
gas was 25ml/min. 
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Table 14 
Peak 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Chromatographic data from ten pure OCP standards on a l.5m x 4mm (i.d.) 
1.5% SP-2250/1.95% SP-2401 on lOOl120Supelcoport. Operating conditions 
were the same as in Figure 1 
OCPs 
a-HCH 
r-HCH 
P-HCH 
Heptachlor 
Aldrin 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Retention time 
(min) 
2.1 
2.7 
3.1 
3.3 
4.0 
8.8 
9.3 
11.3 
13.5 
16.2 
Amount on 
column (pg) 
25 
25 
50 
25 
25 
62.5 
60 
100 
75 
125 
Peak height 
(mm) 
143 
118.5 
94 
82.5 
78.5 
96.5 
84 
80 
68 
59.5 
3.1.2 Capillary GLC-ECD 
Capillary GLC-ECD is a high resolution technique widely used to analyse halogenated 
compounds such as OCPs and PCBs. A capillary GLC-ECD with a 10m x 0.32mm (i.d.) x 1~ 
SE52/4 column (l % vinyl - 5% phenyl - 940/0 methylsilicone phase) was used for the analysis of 
OCPs in this work. A representative chromatogram of 12 OCP standards in isooctane is shown 
in Figure 2. The retention time (RT) and peak area of each component are shown in Table 15. 
Splitless injection with solvent effect was employed for introduction of the sample onto the 
capillary column. Three non-polar solvents, ie n-hexane (bp 68°C), ethyl acetate (bp 77°C) and 
isooctane (bp 99°C) were tried using solvent effect for the separation of 12 OCPs. They gave 
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similar results and isooctane was chosen since its boiling point is higher than the other two 
solvents resulting in shorter analysis time. It is preferable for the initial column temperature 
using the solvent effect technique to be about 20°C lower than the solvent's boiling point, hence 
the initial column temperature was 80°C using isooctane. Timing is also important using the 
splitless mode as it is sometimes necessary to flush the solvent vapour in the glass insert into the 
column. The solvent vapour is recondensed in the first few meters of the column due to the low 
initial column temperature. A splitless time of 0.5, 1.0 and 1.5 minutes was tried in duplicate, 
1.0 minute was the optimal time as it gave the highest peak area and peak area ratio (See Table 
16). 
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Twelve OCP standards on a IOm x O.32mm (i.d.) xl~m SE 52/4 column. 
Operating conditions: column oven temperature was programmed from 
80°C (held for I min) with a IO°c/min ramp rate to 250°C and held for 10 
min, injection port temperature at 200°C, ECD detector oven at 320°C, 
helium carrier gas was set at 40cm/second liner velocity, OFN make-up 
gas for ECD was 60mllmin and splitless injection of 1 ~l pesticide solution 
was at I min. 
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Table 1:> 
Peak 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Chromatographic data of 12 pure OCPs on a 10m x O.32mm (i.d.) x1J..1.m 
SES2/4 column. (Operating conditionsas shown in Figure 2) 
OCPs Retention Amount of Peak area Peak: area 
time (min) column (pg) ratio 
a-HCH 12.8 5 5524 0.50 
~-HCH 13.5 10 7348 0.67 
T-HCH 13.6 5 6306 0.57 
Heptachlor 15.2 10 11387 1.03 
Aldrin 15.9 10 11046 1 
Hept epoxide 16.7 10 14242 L29 
o,p' -DDE 17.3 20 14604 1.32 
p,p'-DDE 17.9 15 12955 1.17 
Deildrin 18.0 15 13730 1.24 
Endrin 18.5 20 14305 1.30 
p,p'-DDD 18.8 15 9635 0.87 
p,p'-DDT 19.8 25 14003 1.27 
Column temperature was programmed from an initial temperature (80°C, held for 1 minute) with 
a 10°C/minute increase to 250°C then held for 10 minutes. p,p'-DDT was the last component to 
elute with a retention time of 19.8 minutes. The total run time allowing for cooling was 
therefore 30 minutes. Using the column under these conditions gave 57,000 theoretical plates. 
Helium was used as carrier gas. It was set at 4.5 pound per square inch (psi) inlet presure which 
gave 40cm/second linear gas velocity and 0.8ml/minute flow rate through the column. It was 
found that injection port temperature was crucial. It had to be sufficiently high to volatilise 
analytes but not too high since some components might decompose. 
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Table 16 
OCPs 
a-HCH 
~-HCH 
T-HCH 
Heptachlor 
Aldrin 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p' -DDT 
Effect of spliUess time (minute) on the mean of OCP peak area (PA) and 
peak area ratio (PAR) 
Amount 
(pg) 
5 
10 
5 
10 
10 
10 
20 
15 
15 
20 
15 
25 
0.5 minute 
PA PAR 
3976 0.49 
5280 0.65 
4522 0.55 
8808 1.08 
8160 1 
10738 1.32 
11489 1.41 
9492 1.16 
10052 1.23 
11256 1.38 
7251 0.89 
12169 1.49 
1.0 minute 1.5 minute 
PA PAR PA PAR 
4262 0.51 4085 0.50 
5725 0.68 5234 0.64 
4911 0.58 4543 0.56 
9416 1.12 8642 1.06 
8433 1 8133 1 
11407 1.35 10259 1.26 
12368 1.47 11149 1.37 
10076 1.19 8834 1.09 
10636 1.26 9534 1.17 
11797 lAO 10960 1.35 
7541 0.89 6658 0.82 
13432 1.59 11067 1.36 
Endrin is decomposed at temperatures above 200°C into two major unknown products labelled y 
and z (x product was always small peak). Results of injection port temperature variations 
expressed in tenn of peak height (m.m) (mean of duplicate) are shown in Table 17. 
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Table 17 Effect of injection port temperature on peak height (mm) of endrin and two 
unknown decomposed products (y and z) 
Injection port Endrin y z 
temperature (mm) (mm) (mm) 
2400e 36 24 20 
2000e 66 14 IS 
190°C 61.S 15 16 
p,p' -DDT is also decomposed at high temperature, particularly in a dirty glass insert, to an 
unknown product at the same retention time as z. This is especially the case using splitless 
injection where the analytes are in the glass insert longer (about 1 minute) than when using other 
injection modes. Hence the temperature cannot be as high as when using the split injection 
mode. A temperature of 200°C was sufficiently high to volatilise OCPs but not too high to 
cause endrin decomposition. 
Detector oven temperature for the ECD was above 300°C to make sure that high boiling point 
interferences burnt out. Hence the present study set the ECD oven at 320°C. 
3.1.3 Discussion of results 
The capillary columns used in pesticide multicomponent analyses are generally about 2Sm long 
with 0.2-0.S3mm (i.d.) but the present study found that a 10m capillary column with 0.32mm 
(i.d.) and lll-m liquid phase was satisfactory. Optimised operating conditions are shown in Table 
18 and the running time including column oven equilibration (2mins) was about 30 minutes 
which is sufficiently short for this type of multicomponent analysis. The liquid phase of the 
column was crossed - linked to silanols on the fused silica wall which enabled operation at high 
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temperature. The final column temperature of 250°C was held for 10 minutes although p,p'-
DDT (the final component) emerged at 19.8 minutes. This was to ensure that higher boiling 
point interferences such as decomposed products were completely eluted (see chromatogram in 
Figure 3, peak x, y and z, and Figure 4, peak z). 
Table 18 Optimised operating conditions of capillary GLC-ECD with 10m x O.32mm 
(Ld.) x IJlm SE52/4 column in the present study 
Parameters Conditions 
1. Column oven temperature Programmed from an initial temp-
erature 80°C (held for 1 min) with 
10°C/min ramp rate to 250°C, and 
then held for 10 mins. 
2. Injection port temperature 2()()OC. 
3. Injection mode Splitless injection (for I min). 
4. Injection volume II·ll. 
5. ECD detector oven temperature 320°C. 
6. Helium carrier gas 4.5 psi inlet pressure, 4Ocm/sec 
linear velocity and 0.8rnllrnin flow 
rate at 80°C. 
7. OFN make-up gas 6Oml/rnin. 
8. The ECD settings Sigma 3B: detection range xl, 
amplification range x4. 
HP5890: detection range 0, 
amplification range O. 
9. The recorder settings Sigma 3B: IrnV 
10. The integrator settings HP5890A: zero = 0,0.507, 
attenuation = 0, area rejection = 0 
and peak width = 0.04. 
69 
FIGURE 3 
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Chromatogram of endrin (12pg) on a 10m x O.32mm x 1 IJ.m SE52/4 
column. A and B peaks were from isooctane solvent, and X,Y,Z peaks 
were decomposed products of endrin. Operating conditions were shown 
in Table 18. 
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FIGURE 4 
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Chromatogram of p,p'-DDT (15pg) on a lam x O.32mm x l).1m SE52/4 
column. A and B peaks were from isooctane solvent, and Z peak was a 
decomposed product of p,p' -DDT. Operating condition was in Table 18. 
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3.2 Development of a sample preparation procedure for milk 
3.2.1 Solvent extraction 
Following the establishment of satisfactory OLe conditions for pure standards it was necessary 
to develop a sample preparation procedure for milk analysis. 
OCPs in milk were isolated by liquid-liquid extraction. Spiked milk was extracted with a 
number of solvent/solvent mixtures. A mixture of n-hexane/acetone (1: 1) gave a cream layer 
between the hexane layer (top) and the acetone-aqueous layer (lower) which prevented 
quantitative aspiration of the hexane layer. This extraction procedure has been used to extract 
total fat from fatty matrices (240,241). Milk fat was extracted twice with hexane/acetone (1:1) 
and the extracts were combined in a weighed tube. Hexane was evaporated under OFN at 40°C 
and the tube was reweighed. The total fat content was obtained by difference. 
Emulsion formation and a creamy layer were often observed when milk was extracted with non-
polar solvents such as hexane, ethyl acetate and alcoholic potassium hydroxide. Slightly polar 
solvents such as acetone, methanol or a mixture of non-polar/polar solvents were found to be a 
better choice for milk extraction as no emulsion was formed. 
Ultrasonication has some advantages over other techniques in extracting compounds tightly 
bound to matrices (142, 144) and in disruption or homogenisation of milk fat globules (242). 
So, the ultrasonication extraction technique was used in this work and extraction efficiency was 
much improved when performed in a water bath at 37°C. The results of solvent extraction of 
milk with different solvents is shown in Table 19. 
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Table 19 
Milk 
volume 
2ml 
1-2ml 
Iml 
2ml 
2ml 
2ml 
Extraction of OCPs from spiked milk using different solvents 
Solvent or 
solvent mixture 
10ml n-hexane/acetone (1: 1 ) 
10ml 0.1 NKOH in 90% ethanol 
10ml absolute ethanol 
2ml ethyl acetate and 8ml methanol 
2ml ethyl acetate and 8ml acetone 
2ml ethyl acetate, 4ml methanol 
and 4ml acetone 
Observation 
Creamy layer between hexane layer 
and acetone/aqueous layer. 
Milky liquid. 
Clear supernatant from centrifuga-
tion but formed milky liquid after 
water addition in order to reduce 
organic solvent strength before solid 
phase extraction. 
Clear supernatant but low recovery 
of DDT and emulsion occurred in 
repeating extraction. 
Clear supernatant but slightly white 
solution after water addition. 
Clear supernatant and clear solutions 
after water addition. 
Solvent extractions of OCPs from milk using a mixture of ethyl acetate, methanol and acetone 
did therefore show some advantages over other solvents since no emulsion or cream layer was 
formed and recovery was satisfactory. Cow's milk was used as a model of milk matrices 
(mentioned later in 3.3.1) and a representative chromatogram of pasteurised cow's milk blank is 
shown in Figure 5. Recoveries of OCPs from spiked cows' milk were estimated from pure 
standard calibration curves and varied with the ratio of the solvent used. Three combinations of 
a mixture of ethyl acetate and methanol and acetone for 2ml milk were tried for the extraction of 
OCPs from spiked cows' milk. All supernatants were clear when further processed cleanup and 
concentration on C18 solid phase extraction (mentioned later in 3.2.2). The eluates from the 
extraction cartridges were assayed on capillary GLC-ECD and the recovery of each pesticide 
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FIGURE 5 
26 24 22 20 18 16 14 12 10 8 6 4 2 0 
TIME(MINUTE) 
Representative chromatogram of blank pasteurised cows' milk from a 
mixture of ethyl acetate, methanol and acetone (2 + 4 + 4). These peaks 
did not interfere any OCPs of interest. 
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detennined. The results of this for each solvent combination are shown in Table 20. It was 
shown that a solvent mixture of 2ml ethyl acetate and 4ml methanol and 4ml acetone was the 
best mixture for milk extraction. 
Sometimes the repetition of extraction improves the recovery of analytes but this was not the 
case in this work. A second extraction gave a slightly milky solution. A comparison of single 
and double solvent extraction of the above solvent mixtures is shown in Table 21. It was 
observed that duplicate extraction caused some problems at the solid phase extraction stage due 
to the milky solution from the second extraction clogging the column. 
This was not the case with single extraction and recoveries were still very high. Therefore, 
single extractions of milk using ethyl acetate and methanol and acetone (2 + 4 + 4) was 
satisfactory . 
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Table 20 The recoveries of 10 OCPs from milk after extraction with different solvent 
mixtures 
OCPs 
a-HCH 
~-HCH 
'r-HCH 
Heptachlor 
Aldrin 
Hept epoxide 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Spiked milk 
(ng/ml) 
1.5 
3 
1.5 
3 
5 
3 
4.5 
4.5 
6 
4.5 
7.5 
Aldrin was used as a reference compound. 
EA 
M 
A = 
ethyl acetate 
methanol 
acetone 
% Recoveries were in mean +SD (n = 2). 
0/0 Recoveries from (EA+M+A) extraction 
2+8+0 2+4+4 2+0+8 
129±O 119+6 141±O 
103+1 107+1 104+3 
137+1 98+6 92+6 
110±8 100±5 124+11 
(l00) (l00) (l00) 
94+8 94+6 92+5 
98+7 91+1 97+6 
96+1 96+1 96±2 
93+7 96+2 107+7 
112+8 107+1 112±9 
93+17 106+6 110±4 
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Table 21 The mean recovery of 10 OCPs extracted from milk with different solvent 
mixtures 
Milk+EA+M+A 
inml 
2+2+8+0 
2+2+4+4 
2+2+0+8 
EA - ethyl acetate 
M - methanol 
A - acetone 
Mean recovery + SD (%) n = 10 
Single extraction Twice extraction 
100±16 
102±9 
111+18 
93+11 
98+19 
97+18 
The conventional approach for the extraction of fat soluble compounds from fatty matrices is to 
extract total fat which then often requires a vigorous clean up procedure. One aim of this work 
was to quantitatively extract OCPs from milk without total fat extraction. In order to estimate 
fat content in the solvent extract from a mixture of ethyl acetate, methanol and acetone (2+4+4) 
(about 11-11.5 ml total volume) this solvent extract was partitioned with 2x4ml n-hexane which 
has a lower boiling point and is rapidly evaporated. The top layer which contained hexane-
ethyl acetate was combined and dried under OFN at 40°C. The milk fat content was obtained 
from the difference between the pre- and post- weighed tube. Meanwhile, total milk fat was 
detennined by a gravimetric method (240,241) where total milk fat was extracted with 2x10mi 
n-hexane/acetone (l: 1) (described earlier). A comparison of milk fat in solvent extracts from the 
present method using a mixture of ethyl acetate, methanol and acetone (2+4+4), and from a 
conventional approach (where total milk fat is excreted) is shown in Table 22. 
It can be seen that the milk fat content extracted from various milk usmg the present method 
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were all much lower than the milk fat content using the conventional total fat method. However 
as stated earlier the recovery of OCPs is still quantitative. 
Table 22 Comparison of milk fat in solvent extracts from the present developed 
method and a conventional total fat methoda 
Milk Fat content (g %, w/v) 
Present method Total fat method 
Pasteurised cow's milk (n=4) 0.775 3.92 
0.740 4.41 
0.775 3.99 
0.720 4.08 
Raw cow's milk (n=2) 0.762 4.28 
0.704 4.21 
Human milk A (n=4) 0.600 1.49 
0.545 1.45 
0.616 1.44 
0.680 1.43 
Human milk B (n=4) 0.492 1.25 
0.479 1.26 
0.458 1.27 
0.476 1.30 
Human milk C (n=4) 0.302 2.31 
0.261 2.10 
0.364 1.87 
0.324 2.69 
a: adapted from Ref 240,241 
3.2.2 Solid phase extraction 
Traditional sample clean up techniques such as sulfuric acid (121,242) and various methods of 
column chromatography (243) have proved quite effective but were lengthy and time 
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consummg. Solid phase extraction not only serves as a convenient sample collecting and 
shipping device but also a rapid, cost effective and simple method for sample clean up when 
dealing with complex organic matrices (244). Solid phase extraction using CI8 - bonded silica 
cartridges was successful in the clean up and concentration of OCPs from milk sol vent extracts 
in the present work. CI8 - cartridges have reversed-phase characteristics very similar to 
Octadodecyl silane (ODS) columns in HPLC and hence can be used to retain non-polar OCPs. 
As the milk extracts of OCPs (see earlier) are in organic solvents and only a low percentage of 
organic solvents can be present in order to allow OCPs to be retained on CI8 - cartridges, the 
milk solvent extracts had to be diluted with water. The milk solvent extracts (about II-II.5ml) 
contained the aqueous portions of milk, ethyl acetate, methanol and acetone about 1-1.5, 2, 4 and 
4ml, respectively. They were diluted with about I3ml of distilled water to give about 8, 16 and 
16% v/v, respectively. 
Cartridges (500mg) first had to be conditioned with appropriate solvents in order to facilitate the 
interactions necessary for retaining OCPs. The cartridges were conditioned with isooctane, ethyl 
acetate, methanol and distilled water (2x 1 ml each solvent), and kept moist until sample 
application. The diluted solvent extracts were passed through at a flow rate of 6-8ml/min using 
a vacuum pump. A step to elute some coextractants retained on the cartridge was attempted. 
Three washing solvents were tried such as 10% methanol, 10% and 25% acetonitrile in water. 
The most effective solvent was 25% acetonitrile in water as judged by appearance of less 
chromatographic interferences with quantitative recovery still achieved. 
Before eluting analytes, cartridges must have water and other residual solvents removed. 
Cartridges were dried by vacuum pulling for 3 minutes and gave quantitative recovery of every 
analyte. Two non-polar solvents (n-hexane and isooctane) were tried for elution of OCPs from 
the cartridge. Both gave quantitative recovery but isooctane was preferred to n-hexane as the 
fanner has a higher boiling point - resulting shorter analysis time (mentioned in 3.1.2). 
79 
3.2.3 Discussion of results 
The preparation of milk samples using a polar solvent mixture of ethyl acetate/methanoVacetone 
was preferred to the use of non-polar solvents as no emulsion occurred with the fonner. A 
mixture of milk, ethyl acetate, methanol and acetone in the ratio of 2:2:4:4 (by volume) with a 
single extraction using ultrasonication gave more promising recoveries than duplicate extraction, 
than other solvent mixtures (results shown in Table 18 and 19). The present work has also 
proved that quantitative extraction of OCPs from milk did not require the extraction of total milk 
fat. The milk fat coextractant in the solvent extracts from the method described here was lower 
than in the traditional method where total fat is extracted (see Table 22). This is important as 
methods involving the total extraction of fat usually require extensive clean up techniques such 
as column adsorption chromatography (ie, Florisil, alumina) or strong mineral acid treatment (ie, 
concentrated sulfuric acid digestion). The lower amount of fat coextractant in the method 
described here enabled the use of miniature columns such as solid phase cartridges. The present 
work employed CI8 cartridges (500mg) as a clean up and concentration technique without 
further clean up or solvent evaporation of eluate. The recoveries of OCPs shown in Table 20 
and later in Table 24 along with the lack of interfering co-extractants have shown that this novel 
sample preparation procedure is rapid and cost effective. 
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3.3 Validation of method for organochlorine pesticide determination in milk 
3.3.1 Rationale for using cows' milk as ~ model of milk matrices 
The aim of the present work was to develop a method for the determination of OCPs in milk 
including human milk. As mentioned earlier, milk is a complex matrix and susceptible to 
contamination from fat-soluble compounds due to its high fat content. It has been suggested that 
human milk is more contaminated than cows' milk for example by OCPs and PCBs (6,112). 
Cows' milk is unlikely to be as highly contaminated from these compounds via exposure due to 
the animal's shorter life span and their continuous secretion of milk (ie, dairy cows). Milk fat is 
an important mediator of these contaminants excretion from the storage pool in adipose tissues. 
From the nutritional point of view, human milk is similar to cow's milk rather than other 
animals' although there is variation between species (245). Studies on human milk are 
somewhat restricted as access is clearly more difficult than with animals, and contaminant-free 
human milk is difficult to obtain. Formula or powered milk has been processed more than 
pasteurised cows' milk. Hence, cow's milk is a better choice. Both raw and pasteurised cows' 
milk were tested for their contamination with OCPs and gave similar results. Chromatograms of 
pasteurised and raw cows' milk are shown in Figure 5 and Figure 6. Cows' milk therefore has 
been used throughout the present development and validation programme. Furthermore, the 
present method has proved to be applicable for the determination of OCPs in human milk by 
comparing some results with the other published method (240,241). 
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FIGURE 6 
28 26 24 22 20 18 16 14 12 10 8 
TIME(MINUTE) 
642 o 
Representative chromatogram of raw cows' milk processed according to 
the present method. Operating conditions: as in Table 18. 
Chromatographic interferences from raw cows' milk were similar to those 
from pasteurised cows' milk (Figure 5). 
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3.3.2 Method validation 
The present method used polar solvent extraction for the isolation of OCPs (shown 
schematically is Figure 7) followed by solid-phase extraction using CI8 - bonded silica 
cartridges for clean up and concentration of the solvent extracts (shown schematically in Figure 
8). Raw and pasteurised cows' milk were spiked with different levels of OCPs (mentioned in 
Chapter 2, 2.7). Spiked milk (2ml) was then processed and eluates were then assayed using 
capillary OLC-ECD with splitless injection mode. 
Aldrin and o,p' -DDE appeared to be suitable internal standards when evaluated by extracting 
OCP standards spiked into cows' milk (see Table 23). Both components were separated from 
the other OCPs but there has occasionally been an interfering peak giving an ECD response at 
the same retention time as o,p' -DDE in samples of human milk. Aldrin is unlikely to be 
detected in milk as it is metabolised to dieldrin. Therefore, aldrin was used as an internal 
standard throughout the present study of milk matrices. 
83 
MILK (2ml) 
warmed to about 37°C in water bath 
+ 50~1 aldrin (O.2~g/ml) as LS. 
vortex 30 sec. 
SOLVENT EXTRACTION 
+ 2ml ethyl acetate 
+ 4ml methanol 
and 4ml acetone 
(i) vortex lmin. 
(ii) ultrasonicate 20min 
in warm water (35-40°C). 
CENTRIFUGA TION 
2,OOOrpm at roc for lSmin 
QUANTITATIVE ASPIRATION 
OF SUPERNATANT (about 11-11.5ml) 
into SOml CO~k "OR~Weighed tube 
~ 1 
CLEAN UP/CON CENTRA TION FAT DETERMINATION 
FIGURE 7 Extraction scheme of milk in the present method. 
I.S. Internal standard 
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FIGURE 8 
SUPERNATANT FROM SOLVENT EXTRACfION 
(about 11-11.5ml) 
! 
DILUTION 
with 13ml distilled water 
t 
C18 - CARTRIDGE 
pre-conditioned with 2x 1 ml isooctane 
2x 1 ml ethyl acetate 
2x 1 ml methanol 
2x 1 ml distilled water 
(vacuum off) 
I 
LOADING 
at 6-8ml/min 
t 
WASHING 
with 2x 1 ml 25% acetonitrile/distilled water 
J 
DRYING CARTRIDGE 
for 3min 
1 
ELUTION 
with 2 x O.5ml isooctane 
1 
Capillary GLC-ECD 
(1~l) 
Cleanup and concentration scheme of milk extracts following the 
extraction scheme in Figure 7. 
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Table 23 
OCPs 
a-HCR 
~-HCR 
f-HCR 
Heptachlor 
Aldrin 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
~ecovery of OCPs from spiked cows' milk using aldrin and o,p'-DDE as 
Internal standards 
Spiked milk ALDRIN o,p'-DDE 
(ng/ro1) %R(mean + SD) %CV %R(mean + SD) % CV 
(n=4) (n=4) 
1 99±9 8.8 97±9 9.3 
2 94+4 3.8 92+5 5.8 
1 104+7 6.3 102+1 1.0 
2 118+12 10.1 116+6 4.8 
5 100 0 
2 125+30 24.3 126+20 15.6 
10 100 0 
3 121+13 10.8 119+10 8.1 
3 110±4 4.0 110±9 8.0 
4 121+21 17.1 119+14 11.6 
3 117+12 10.2 114+6 5.3 
5 113+10 8.8 111+7 6.5 
The retention time relative to aldrin was used to identify each OCP on chromatograms and peak 
area ratio was used for quantitation. Recoveries of OCPs were computed from pure standard 
calibration curves and mean recoveries are shown in Table 24. Precision of recovery at the low 
level varied slightly particularly p,p' -DDD and p,p' -DDT compared with the other higher levels. 
However, the results were satisfactory for multi-residue analysis at very low levels and this 
concentration was the limit of detection of the present method (mentioned later). 
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Table 24 Mean recovery of OCPs at 3 levels from spiked cows' milk (n=3) 
OCPs LOW MEDIUM HIGH 
ng/ml %R±SD ng/ml %R±SD ng/ml %R±SD 
Spiked milk Spiked milk Spiked milk 
a-HCH 0.5 83±5 2.5 105+3 5 103+1 
P-HCH 1 119±5 5 91+3 10 97+2 
T-HCH 0.5 80±9 2.5 86+6 5 96+6 
Heptachlor 1 82+7 5 88+3 10 91+4 
Aldrin 5 (100) 5 (100) 5 (100) 
Rept epoxide 1 100±4 5 88+7 10 95+3 
p,p'-DDE 1.5 93+6 7.5 92+6 15 90±4 
Dieldrin 1.5 96+2 7.5 95+4 15 97+4 
Endrin 2 116+3 10 108+5 20 110±2 
p,p'-DDD 1.5 132±9 7.5 111+4 15 104+4 
p,p'-DDT 2.5 101+11 12.5 112+3 25 97±5 
Seven different levels of spiked pasteurised cows' milk including one unspiked or blank 
pasteurised cows' milk were processed (as described earlier) to generate calibration curves of 
OCPs and their concentrations are shown in Table 25. Unspiked cows' milk did show a small 
chromatographic interference (see Figure 9). All OCPs in spiked pasteurised cows' milk were 
satisfactorily resolved and a representative chromatogram of spiked cows' milk is shown in 
Figure 10. There was a large peak at 14.6 minute appearing in both unspiked and spiked cows' 
milk. It also appeared when isooctane alone was injected see Figure 11. Isooctane was used 
as a solvent in the preparation and elution of OCPs. This peak was probably a ghost peak from 
the septum since ethyl acetate or n-hexane were tried as a replacement for isooctane, but it still 
appeared on the chromatogram. However, it was eluted separately from OCP peaks. Spiked 
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cows' milk therefore has proved to be a suitable milk matrix for the generation of extracted 
calibration curves of OCPs. 
Table 25 Concentrations of OCPs in spiked cows milk for generation of standard 
calibration curves of the present method 
OCPs Conc. of spiked cows' milk (ng/ml milk) 
1 2 3 4 S 6 7 
a-HCH o.s 1 1.S 2 2.S 3.S S 
P-HCH 1 2 3 4 S 7 10 
T-HCH 0.5 1 1.5 2 2.5 3.5 5 
Heptachlor 1 2 3 4 5 7 10 
Aldrin (5) (5) (5) (5) (5) (5) (S) 
Hept epoxide 1 2 3 4 5 7 10 
p,p'-DDE 1.5 3 4.5 6 7.S 10.5 15 
Dieldrin 1.5 3 4.S 6 7.5 10.5 15 
Endrin 2 4 6 8 10 14 20 
p,p'-DDD 1.5 6 4.5 6 7.5 10.S 15 
p,p'-DDT 2.S S 7.5 10 12.5 17.5 25 
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o 
FIGURE 10 
PEAK IDENTIRCATION 
1 a-HCH (Spg) 
8 10 
12 2 p.HCH (1Opg) 
3 f-HCH (Spg) 
9 4 Heptachlor (10pg) 
S Aldrin (10pg) 
6 Hept epoxide (10pg) 
11 7 o,p' -DOE (2Opg) 5 6 
8 p,p' -DOE (lSpg) 
9 Dieldrin (ISpg) 
4 10 Endrin (2Opg) 
11 p,p' -DOD (1Spg) 
12 p,p'-DDT (2Spg) 
1 
10 1 ~ :20 25 
A representative capilLlry g3S chromatogram of spiked cows' milk. 
Operating conditions: as in Table 18. 
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Representative chromatogram of isooctane. The large peak at 14.6min 
was a ghost peak perhaps from the septem. Operating conditions were the 
same as in Table 18. 
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The peak-area with respect to aldrin for each OCP was plotted versus the concentrations of OCP 
and evaluated by linear regression analysis (y=a+bx). The linearity of calibration curves of all 
10 OCPs for pure (or unextracted) and extracted standards were greater than 0.99 (Table 26), 
except for a-HCH (0.0966) and heptachlor epoxide (0.9801) which sometimes showed 
chromatographic interferences. The calibration curves therefore were linear over the given 
concentration range. Typical calibration curves, extracted from cows' milk, of p,p' -DDE and 
p,p' -DDT are shown in Figure 12. 
As p,p'-DDE levels detected in human milk samples sometimes were rather high (presented later 
in 3.4.1), the calibration curve of p,p' -DDE was extended up to 150 and 300ng/ml. The linearity 
of the calibration curve extracted from spiked cows' milk was still satisfactory with slope, 
intercept and correlation coefficient of 0.0852, 0.1617 and 0.9959, respectively. 
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Table 26 
OCPs 
a-HCH 
~-HCH 
r-HCR 
Heptachlor 
Aldrin 
Hept epoxide 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Calibration curves of OCPs in pure and extracted standards for 
determination of milk samples 
PureOCPSID Extracted OCP SID 
Slope Intercept r Slope Intercept r 
0.0929 0.0103 0.9984 0.0731 0.0491 0.9866 
0.0579 0.09984 0.0546 0.0191 0.0191 0.9964 
0.1052 0.0083 0.9992 0.0945 0.0511 0.9919 
0.0881 0.0721 0.9935 0.0595 0.0109 0.9983 
as internal standard 
0.0954 0.0416 0.9970 0.0885 0.0121 0.9801 
0.0716 0.1159 0.9971 0.0709 0.0481 0.9964 
0.0774 0.0490 0.9914 0.0721 0.0575 0.9954 
0.0541 0.0387 0.9981 0.0635 0.0259 0.9978 
0.0526 0.0298 0.9986 0.0511 0.0170 0.9961 
0.0389 0.0386 0.9944 0.0538 0.0702 0.9957 
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Typical calibration curves extracted from cows' milk of p,p' -DDE and 
p,p'-DDT. 
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Three different pools (50ml each) of spiked raw cows' milk representing low-, medium- and 
bigh- levels were prepared for assessment of the day-to-day reproducibility of the method over 7 
days (ie, dl, d2, d3, d4, d7, d14 and d21). These were referred to as blind spikes. Each pool 
was aliquoted into 2ml portions in P1FE-line screw cap tubes and kept at -20°C in a freezer. 
One aliquot of each pool was processed along with 8 tubes of spiked cows' milk for calibration 
curve generation. The samples were prepared and chromatographed as described earlier. The 
concentration of each pesticide in the blind spikes was estimated from the peak-area ratio to the 
internal standard aldrin against the calibration curve of that day. Pesticide detected +SD (%) 
with respect to the target level and coefficient of variations are shown in Table 27. 
The limit of detection (LOD) of the present method was assessed according to Miller and Miller, 
1984 (247). This defines the LOD as the concentration of analyte giving a signal (y) equal to the 
blank signal (yB) plus three standard deviation of the blank (SB) or 
y - yB + 3SB 
The concentration at y was computed from linear regression equation of each component. The 
LOD of the present method is shown in Table 28. 
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Table 27 Reproducibility of OCPs spiked into cows' milk over 3 weeks (n=7) 
OCPs LOW MEDIUM HIGH 
Spiked % % CV Spiked % % CV Spiked % % CV 
milk Detected milk Detected milk detected 
(ng/ml) (ng/ml) (ng/ml) 
cx-HCH 0.5 92 9 2.5 109 8 5 110 2 
~-HCH 1 94 14 5 93 8 10 90 7 
r-HCH 0.5 142 25 2.5 108 9 5 106 8 
to 
en 
Heptachlor 1 104 23 5 125 14 10 121 14 
Aldrin 5 (100) 0 5 (100) 0 5 (100) 0 
Hept epoxide 1 113 18 5 105 7 10 104 9 
p,p'-DDE 1.5 127 13 7.5 119 9 15 113 8 
Dieldrin 1.5 121 12 7.5 108 12 15 105 8 
Endrin 2 112 25 10 110 10 20 104 10 
p,p'-DDD 1.5 117 11 7.5 118 11 15 114 11 
p,p'-DDT 2.5 96 13 12.5 117 11 25 113 12 
Table 28 The limit of detection of OCPs in milk 
OCPs LOD 
ng/ml milk: 
a-HCH 0.5 
J3-HCH 1 
T-HCH 0.5 
Heptachlor 1 
Aldrin as I.S. 
Hept epoxide 1 
p,p'-DDE 1.5 
Dieldrin 1.5 
Endrin 2 
p,p'-DDD 1.5 
p,p'-DDT 2.5 
1.S. - internal standard. 
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3.3.3 Method comparison 
Twenty three individual human milk samples were analysed for OCPs according to the present 
method and a published method (240,241). The published method used n-hexane/acetone (1:1) 
for extraction and concentrated sulfuric acid digestion for clean up. For the method comparison, 
method 
the publishedJ was very slightly modified as re-extraction was carried out with 10ml instead of 
2.5ml of n-hexane/acetone (1: 1); and after vortexing for 1 minute, the samples were further 
ultrasonicated for 20 minutes in wann water bath (35-40°C). This modified method was called 
the "acid digestion method". 
Two 2ml aliquots of individual human milk samples were processed separately. The 
determination of OCPs according to the present method was quantified using peak-area ratio 
against the extracted spiked cows' milk calibration curves. For the acid digestion method 2 x 
10ml of n-hexane/acetone (1: 1) was used to extract 2ml human milk (see schematically Figure 
13). The solvent extracts were combined in pre-weighed tubes, and dried under OFN at 40°C to 
constant weight. The fat content was determined by difference. The fat content using the 
extraction procedure from the acid digestion method was the total fat (Figure 14). Fat was 
redissolved in 1 ml n-hexane and digested with 5ml concentrated sulfuric acid by gently mixing 
on a roller mixer. The acid and hexane layers were separated using centrifugation and the 
hexane layer (top) was aspirated. Hexane extracts (l ~l) were assayed using capillary GLC-ECD 
with the same operating conditions used as in the present method (Table 18). Cyclodienes 
including aldrin are not stable to acid digestion so o,p' -DDE was used to replace aldrin as the 
internal standard. OCPs detected were quantified against pure standard calibration curves. 
Spiked cows' milk was also processed by this acid digestion method and recoveries of OCPs 
were calculated against pure standard pesticides (see Table 29). 
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MILK (2ML) 
wanned in water bath (about 37°C) 
+ 50~1 o,p' -DDE (O.4~g!ml) as I.S. 
vortex 30 sec 
SOLVENT EXTRACTION 
with 2xl0ml n-hexane/acetone 0:1) 
(i) vortex Imin 
(ii) ultrasonicate 20min in 
warm water (35-40°C) 
CENTRIFUGATION 
2,OOOrpm at 20°C for 15min 
~ 
QUANTITATIVE A SPIRA TION OF UPPER LAYER 
into a fresh tube 
FIGURE 13 
i 
DRYING 
under OFN at 40°C 
t 
RECONSTITUTION 
of fat in 1 ml n-hexane 
~ 
ACID DIGESTION 
with 5ml conc H2S04 
Roller mix 20min 
CENTRIFUGA TION 
as above 
t 
HEXANE LA YER ASPIRATION 
t 
CAPILLARY GLC-ECD (1~1) 
Scheme of acid digestion method modified from Ref 240,241. 
I.S. Internal standard 
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" Aft "B" 
SUPERNATANT (about 11.11.5m1) 
(solvent extracts of 
MILK (2ml) 
warm in 37°C water bath 
and vortex the present method) 
t 
RE-EXTRACTION 
with 2 x 4ml n-hexane 
~ 
SOLVENT EXTRACTION 
with 2xlOml n-hexane/acetone (1:1) 
vortex 
UL TRASONICA TION EXTRACTION 
in warm bath (35-40°C) for 20 minutes 
FIGURE 14 
! 
CENTRIFUGA TION 
2,OOOrpm at 20°C for 15 minutes 
t 
QUANTITA TIVE ASPIRATION 
OF UPPER LA YER 
into 16 x 120mm tube (pre-weighed) 
! 
DRYING 
under OFN at 40°C } 
post weighed 
~ 
FAT CONTENT 
(post-weighed) - (pre-weighed) 
Fat content extraction schemes of two different methods. 
"A" - the present method 
"B" - modified method (Ref 141) for total fat content which was a part of the 
acid digestion method (Figure 13). 
100 
Twenty three human milk samples from Thailand were assayed for OCPs using both methods. 
The highest OCPs levels found were p,p' -DDE and p,p' -DDT, the levels of these along with the 
fat content in the extracts for both methods are shown in Table 30. The p,p' -DDE and p,p' -DDT 
results from both methods were compared using a paired t-test The fat contents in the solvent 
extracts from the two methods were significantly different (paired t = 5.39, degree of freedom, 
df = 22, P<O.OOI). The fat contents in solvent extracts from the present method (with a mean 
±SE ofO.60±o. 08g % w/v) were much lower than from the acid digestion method (1.78±o.28g 
% w/v). The p,p' -DDE values of 23 individual human milk samples were not significantly 
different at P>O.05 (paired t = 0.15; df = 22) with the mean +SE by the present and acid methods 
of 109.5+22. () and 108.3+22.7 ,ug/l whole milk, respectively. The p,p'-DDT values from the 
present method were significantly different from the values from the acid method at p<0.05 
(paired t = 3.68, df = 22) but not different at p>O.OOl. The mean +SE value of p,p' -DDT from 
the present and acid digestion method was 18.9+5.15 and 14.2+4. 07)lg/l whole milk, 
respectively. The mean recovery (+SD) of p,p' -DDT by the present method was 103+80/0 
whereas the mean recovery (+SD) of p,p' -DDT from the acid method was only 74+8%. The 
recovery of p,p' -DDE using both methods was similar with a mean +SD of 92±20/0 from the 
present method and 102+ 1 0% from the acid method. 
With the correlation test, concentrations of p,p' -DDE and p,p' -DDT determined usmg the 
present and acid digestion method were highly correlated with r of O. q453 and 0.9788, 
respectively; and slope of 0.9487 and 0.7819, respectively (Figure 15). 
Thus, it has been shown that the present method was applicable for the detennination of OCPs in 
human milk and that total fat extraction was not necessary. 
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Table 29 
OCPs 
a-HCR 
~-HCR 
r-HCR 
Heptachlor 
Aldrin 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
ND 
Comparison of mean recoveries of OCPs from spiked cows' milk using the 
present and acid digestion methods 
Spilcedmilk 
ng/ml 
1 
2 
1 
2 
5 
2 
10 
3 
3 
4 
3 
5 
Not determined. 
% Recoveries (mean ±SD) n = 3 
The present method The acid digestion method 
97+12 122±6 
102±15 117+6 
87+8 115+20 
87±5 77±5 
(100) 37+3 
94+6 23+4 
ND (100) 
93±2 102+10 
96+1 0 
111+4 0 
116+15 71+8 
103+8 74+8 
102 
Table 30 Comparison of fat, p,p'-DDE and p,p'-DDT detected in human milk samples 
using the present method and the acid digestion method 
Milk Fat (g % w/v) p,p'-DDE (Jlg/l whole milk) p,p' -DDT (J.tgll whole milk) 
No Present M Acid M Present M Acid M Present M Acid M 
1 0.22 
2 0.67 
3 0.33 
4 0.81 
5 0.34 
6 0.57 
7 0.76 
8 0.45 
9 1.01 
10 0.97 
11 0.25 
12 0.58 
13 0.15 
14 0.18 
15 0.45 
16 0.66 
17 0.18 
18 0.85 
19 1.95 
20 0.41 
21 0.29 
22 1.11 
23 0.51 
n 23 
mean 0.60 
SE O.OR 
Present M 
AcidM 
SE 
0.70 
1.02 
0.65 
3.50 
0.54 
1.25 
3.32 
1.25 
3.84 
3.76 
2.26 
1.42 
0.22 
0.97 
1.11 
0.99 
0.34 
3.00 
4.30 
0.91 
0.58 
4.05 
0.97 
23 
1.78 
0.28 
103.8 
23.5 
67.0 
241.3 
42.1 
39.0 
127.7 
34.9 
58.7 
189.1 
94.9 
459.2 
3.34 
33.4 
46.1 
312.6 
17.6 
163.4 
115.0 
45.1 
55.1 
164.4 
80.9 
23 
109.5 
22.f:i 
The present method 
94.5 
32.6 
56.2 
374.1 
36.4 
43.5 
167.0 
33.4 
43.4 
156.8 
105.1 
407.2 
6.08 
38.0 
45.6 
252.8 
17.3 
152.7 
99.2 
45.6 
40.2 
180.5 
63.5 
23 
108.3 
22.7 
2.93 
2.10 
10.8 
25.0 
6.72 
4.82 
16.3 
4.81 
23.6 
42.4 
11.3 
118.2 
0 
5.28 
4.23 
35.3 
1.64 
23.0 
12.9 
5.15 
25.9 
25.5 
26.9 
23 
18.9 
5.15 
The acid digestion method modified from Ref 240, 241. 
Standard error of the mean 
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FIGURE 15 Correlation plots of concentration (J.lg/1 whole milk) of p,p' -DDE and 
p,p' -DDT in 23 human milk samples detennined using the present and 
acid digest method. The detail of concentrations is shown in Table 30. 
104 
3.3.4 Discussion of results 
The present method for the determination of OCPs In milk: has revealed that fat soluble 
compounds, ie OCPs, can be extracted efficiently from milk without extraction of the total fat. 
CI8-bonded silica cartridges have proved a useful tool for clean up and concentration. From a 
comparison of two methods for the determination of OCPs in human milk samples, the present 
method used cows' milk as the matrix for standards. This has proved suitable for calibration 
curve generation as the other method used pure standard calibration curves. 
The acid digestion method has been widely used because it is effective and rapid but the use of 
such corrosive reagents is to be discouraged. The method is also limited as cyclodiene 
pesticides are almost destroyed by acid digestion. The novel method described in this work has 
shown further advantages over acid digestion and other traditional methods that use non-polar 
extraction in that no emulsion formed. It is also the cost-effective method as it employs a 
small milk and solvent volume in sample preparation. 
Milk matrices are inhomogenous and this often creates problems of reproducibility for fat-
soluble analyte determinations. Samples must be thoroughly mixed before aliquots are taken. 
Equilibration in a water bath at 37°C gave a more homogenous milk fat distribution than room 
temperature (248). Both raw and pasteurised cows' milk showed slight differences in ECD 
response when stored in plastic (polystyrene) tubes compared with glass tubes (see 
chromatograms in Figure 16a,b). Human milk is likely to be more contaminated in plastic 
(polystyrene) tubes but not in glass tubes (see chromatogram in Figure 17a,b). This is possibly 
because human milk has different enzyme systems to cows' milk (249). Human milk should be 
analysed as soon as possible after collection or stored in glass tubes at -70°C until analysis. 
Exact storage requirements for human milk need further investigation before a major study could 
be undertaken. This has not been possible due to the lack of a large volume of fresh 
uncontaminated human milk. 
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FIGURE 16b Capillary gas chromatogram of raw cows' milk stored 10 the 
(polystyrene) tube at -20°C in the freezer for two weeks, 
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FIGURE 17a 
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TIME(MINUTE) 
Capillary gas chromatogram of human milk stored in the glass tube at 
-20°C in the freezer for 6 weeks. 
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FIGURE 17b 
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Capillary gas chromatogram of human milk stored In the plastic 
(polystyrene) tube at -20°C in the freezer for 6 weeks. 
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3.4 Application of method for the determination of organochlorine pesticides in human 
milk 
3.4.1 Human milk sample analysis 
A pilot study to determine OCP levels employing the present method was conducted using milk 
samples from 27 healthy northern Thai mothers (mentioned in 2.4.2). Milk samples were 
collected (5-10ml) and stored in glass tubes. They were kept frozen at -70°C for 7-10 days, 
packed frozen in dry ice and brought to the Robens Institute for analysis. 
Two mIs of each sample was processed according to the present method (mentioned in 3.3.2) 
and assayed using capillary GLC-ECD. Four OCPs, p,p' -DDE; p,p' -DDT; heptachlor epoxide 
and P-HCH were detected and their concentrations were computed from linear regression of 
calibration curves generated from spiked cows' milk. The results of the 4 OCPs detected 
including information on the mothers and their lactation time are shown in Table 31. 
p,p' -DDE (a metabolite of p,p' -DDT) was detected in every milk sample and p,p' -DDT was 
detected in every sample except one. Heptachlor epoxide and P-HCH (metabolites of heptachlor 
and a-HCH) were detected in 6 and 3 of the 27 samples, respectively; whereas their parent 
compounds were not detected at all. These four OCPs have often been detected in such studies 
(6, 112, 8) since they are highly persistent and stored in fat depots (ie, adipose tissue) in the 
body. From the present study, the highest level of p,p' -DDE; p,p' -DDT; heptachlor epoxide and 
P-HCH was 459.2, 118.2, 6.45 and 2.78~g/l whole milk, respectively. The minimum levels of 
these four compounds were all above the LOD of the present method (mentioned in Table 28) 
with the exception of P-HCH in one sample. 
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Table 31 
Sample 
TMOOI 
TM002 
TMOO3 
TM004 
TMOO5 
TMOO6 
TM007 
TMOO8 
TM009 
TM010 
TMOll 
TM012 
TM013 
TM014 
TM015 
TM016 
TM017 
TM018 
TM019 
TM020 
TM021 
TM022 
TM023 
TM024 
TM025 
TM026 
TM027 
Mean 
SE 
Median 
Max 
Min 
n 
ND = 
N/A = 
SE = a 
b = 
= 
OCPs detected in northern Thai human milk, 1990 - using the present 
developed method 
Number Age Lactation Total milka OCPs (Jlg/l WHOLE MILK) 
of (year) time fat p,p'-DDE p,p'-DDT Hept ~-HCH 
children (months) (g % w/v) epoxide 
2 34 12 0.70 103.9 2.93 <lb O.~ 
2 29 12 1.02 23.5 2.10 <lb <lb 
2 31 7 0.64 67.0 10.8 <lb <1 
1 27 12 3.50 241.3 25.0 6';lr 0.9~ 
1 23 10 0.54 42.1 6.72 <1 <lb 
2 26 12 1.25 39.0 4.82 5.63 <lb 
2 31 11 3.32 127.7 16.3 2.?l <lb 
1 24 10 1.25 34.9 4.81 - <1 <lb 
1 23 8 3.84 58.7 23.6 <lb <1b 
2 32 9 3.76 189.1 42.4 4.~ <lb 
1 30 9 6.26 94.9 11.3 <1b <1b 
1 24 10 1.42 459.2 118·i <lb <1b 
2 30 7 0.22 3.34 <2.5 <1 <lb 
1 27 7 0.97 33.4 5.28 1.~ <lb 
1 26 10 NO 104.1 35.2 <1 <lb 
1 20 7 NO 142.2 24.2 1.?5' <1b 
1 26 7 1.11 46.1 4.23 <lb <lb 
1 29 7 0.99 312.6 35.3 <lb <lb 
1 22 11 0.35 17.6 1.64 <lb <lb 
2 N/A N/A 3.00 163.6 23.0 <lb <lb 
1 25 2 4.30 115.0 12.9 <lb <1b 
2 31 2 0.91 45.1 5.15 <1b <lb 
1 24 6 0.58 55.1 25.9 <1b <lb 
1 18 8 4.05 164.4 25.5 <lb <lb 
1 28 6 NO 145.9 18.2 <1b <lb 
2 29 4 0.97 80.9 26.9 <1b <1 
1 21 6 ND 194.8 32.4 <1 2.78 
26.5 8.2 1.95 115.0 21.0 3.60 1.43 
0.79 Q56 0.34 19.5 4.55 0.93 0.69 
1 26 8 1.11 81.0 15.5 3.48 0.94 
2 34 12 6.26 459.2 118·i 6.~ 2.7~ 
1 18 2 0.22 3.34 <2.5 <1 <1 
27 26 26 23 27 26 6 3 
Not detennined 
Not available 
Standard error of the mean 
Modified from Ref 141 
The LOD of the present method 
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The mean and median mothers' age and lactation time were similar due to a deliberate policy 
when recruiting subjects (see section 2.4.2). This was because the mothers' age and lactation 
time were considered important factors in determining levels of OCPs' excretion in milk (6, 8 ). 
Milk samples were all from mothers who were feeding their flrst or second child. The~ number 
of breastfed children is also an important factor affecting the levels of OCPs detected (6, 8 ). 
Total milk fat levels are also shown in Table 31 with a mean +SE and median of 1.95+0. 34 and 
1.11g % w/v, respectively. 
3.4.2 Discussion of results 
The concentration of p,p' -DDE and p,p' -DDT in most samples was much higher than the other 
OCPs. Consequently a smaller volume, ie 0.5 or 1 ml was also processed, or dilution of the 
sample prior to injection was also tried in order to keep on the linear range of the standard curve. 
The former was prefered as the latter, if a large dilution was required gave a low internal 
standard level. Therefore, a milk sample from each subject often had to be processed in a series 
of 0.5, 1 and 2ml because only some OCPs were very high and others were rather low. Multi-
residue analysis of biological and environmental samples often show a wide variation In 
concentrations both between and within samples. Many factors can affect the levels of OCPs In 
human milk from the general population, such as milk fat, lactation time, sample collection time, 
number of children, mothers' age and dietary habits (6, 8 ). Some criteria were established in 
this pilot study. 
Most total milk fat levels from the present study were rather low compared with those reported 
from China (6), Hong Kong (112) and India (6). Milk fat varies according to several factors 
(mentioned earlier) including circadian variation. Circadian variation among races has been 
shown (9, 250, 251, 252). Northern Thai mothers' milk was reported as containing fat at 
minimum levels between 04.00 - 08.00 hours and maximum levels between 16.00 - 20.00 hours 
(9). Milk samples in the present study were collected between 08.00 - 10.30 hours which would 
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have been just after the minimum levels of the cycle. Milk fat levels also depend upon dietary 
habits, nutritional status and genetic variation (253,254). The major influence on an individual's 
level of milk fat was also shown to be the number of breastfed children, a mother with a single 
child having considerable higher fat concentration than the mother of several children (254). 
However, mothers in the present study had only 1-2 children. Therefore, nutritional status, 
dietary habits and milk collection time would be the most probable factors for variability. 
Lactation time was also reported as affecting milk fat content (255). Milk samples in the present 
study were all mature milk (which starting from 2 weeks postpartum) with a median of 8 months 
postpartum. After the milk becomes mature, the fat content levels out, either declines (254,256-
258) or increases (258-260) as lactation progress. The low milk fat levels found in the present 
study was probably due to the late lactation time of sample collection but this must be further 
investigated. 
The correlation between the age of mothers with a single child and the level of OCPs in milk fat 
was weak (6) probably due to the narrow agreed age criteria for selection of mothers (18-30 
years) restricted the reveal of the correlation. The mothers' age in the present study was also 
confined (18-34 years) and had a mean and median of 26.5 and 26 years, respectively. 
Although the present method has shown that in order to get quantitative extraction of OCPs it 
was not necessary to extract total milk fat, total milk fat was reported as important for the 
expression of results (6,7). However, this requires further thorough investigation. 
Storage conditions including the number of freezing and thawing steps are also critical with 
biological samples. It was observed in the present work that freezing and thawing of milk (both 
cows' and human) caused problems in taking aliquots due to the formation of fat-curd. Fresh or 
unfrozen milk is easy to homogenise by ultrasonication but this technique could not alleviate the 
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problem from previously frozen samples. Hence, it is strongly recommended that milk samples 
are measured and aliquoted before they are stored frozen. It has been shown that the lipid 
profile in human milk changed when samples had been stored at -20°C but not when stored at 
-70°C (248,261). This phenomenon has been observed in a human milk bank when breastfed 
infants had jaundice. The most likely change was an increase in free fatty acid levels when 
human milk was stored at -20°C. Cows' milk showed very little change probably due to 
differences in enzyme systems (248). The total fat was unchanged but the change in lipid profile 
could affect the efficiency of solvent extraction of interfering compounds. This was sometimes 
observed in the present study when samples were repeated. However, further investigation is 
clearly desirable. 
The level ofp,p'-DDE and p,p'-DDT in Thai human milk from the present and another study by 
Vongbuddhapitak in 1988 (262) is shown in Table 32. Either p,p' -DDE or p,p' -DDT was 
detected in every milk sample in the other study as in the present study, except one where p,p'-
DDT was not detected. The levels ofp,p'-DDE and p,p'-DDT at min, max, mean and median of 
the present study were all lower than those of the other study. Sample size and lactation time of 
these two studies were quite different. Milk samples in the other study were collected within 10 
days of beginning lactation time which was transitional milk, whereas samples in the present 
study were mature milk. Most investigations of milk have been conducted in mature rather than 
in transitional milk since the latter was during a changing stage of lactation (6, 8 ). The sample 
. study . 
SIze (n=27) of the presenqwas small compared wIth the other study (n=100). A larger survey 
therefore needs to be conducted. 
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Table 32 p,p'-DDE and p,p'-DDT levels detected in Thai human milk from the present and a previous study (Ref 262). 
Investigators (year) 
mother classification 
Vongbuddhapitak, A 
(1988) 
a) Urban mothers 
b) Rural mothers 
Prapamontol, T & 
Stevenson, D 
(1990) 
Unclassified mothers 
Sample 
Slze 
(n) 
100 
27 
Lactation Mothers' 
time age 
(mean) (year) 
26 
~10 days 
25 
8 months 26 
p,p' -DDE (~g!l whole milk) p,p' -DDT (~g/l whole milk) 
--------------------------------------- ---------------------------------------
. 
median . median mm max mean mln max mean 
23 590 157 113 5 128 27 28 
13 768 179 140 6 193 39 22 
3 459 115 81 < 2.S 118 21 16 
The levels of OCPs detected, particularly p,p'-DDE and p,p'-DDT, have been used to estimate 
daily intakes of these compounds by breastfed infants. It has been assumed that 130m! or 130g 
of milk per kilogram body weight per day has been consumed by breast fed infants, according to 
a collaborative study of breast feeding by the World Health Organisation (WHO) in 1983 (6). 
The acceptable daily intake (ADI) of total DDT which had been set by the loint Meeting on 
Pesticide Residues (JMPR), WHO and Food and Agricultural Organisation (FAO) in 1970 was 
51lg!kg body weight. 
The daily intake of p,p' -DDE and p,p' -DDT from industrial and agricultural-based countries 
including data from the present study are shown in Table 33. The DDE and DDT levels reported 
from western industrialised countries (ie, Belgium, Germany and Sweden), where DDT has been 
banned since the 1970s, were much lower than the levels found in those from agricultural 
countries (ie, China, Hong Kong, India and Thailand). The daily intake of breastfed infants 
from the present study was smaller than those reported from China, Hong-Kong and India. DDT 
is known to be used in these countries and also in Thailand for agricultural and vector control (1) 
but the scale of use seems to be gradually decreasing from the last decade. 
Although the daily intake from the present study did greatly exceed ADI, this survey was small 
in size (n=27) and a much larger study is needed in order to be representative of the population 
area. It must also be noted that interlaboratory agreement is generally not good for this type of 
analysis, so some caution must be applied when comparing results between countries. 
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Table 33 Daily intakes of p,p'-DDE and p,p'-DDT by breastfed infants of industrial-
and agricultural-based countries 
Country,City Year p,p' -DDE (Jlg/kglbody wt) 
median 
a Belgium, Brussels 1982 4.2 
a Gennany, Hanau 1981 5.4 
a Sweden, Uppsala 1981 3.6 
a China, Beijing 1982 20 
bHong-Kong 1985 42.3 
a India, Ahmedabad 1981 22 
c Thailand, 1990 10.5 
Chiang Mai 
a 
b 
= 
= 
Adapted from Ref 6 
Adapted from Ref 112 
c The present study. 
max 
23 
23 
9.9 
119 
103 
76 
59.7 
p,p'-DDT (Jlg/kg body wt) 
median max 
0.59 2.7 
1.1 8.6 
0.41 1.5 
8.1 44 
9.0 18 
5.0 34 
2.0 15.3 
The present method has been applied to "real" milk samples and proved to be a rapid, sensitive 
and cost-effective approach since it employs only 2ml milk which is less than most existing 
methods. A comparison of the LOD, milk volume and sample through-put of the present and 
other existing methods is shown in Table 34. 
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Table 34 aDetection limits including sample size and throughput of the present and 
existing methods to determine OCPs in milk 
Name The present 
method~ 
Britain 
a-HCH 0.5 
p-HCH 1 
T-HCH 0.5 
Heptachlor 1 
Aldrin (l.S.) 
Hept epoxide 1 
p,p'-DDE 1.5 
Dieldrin 1.5 
Endrin 2 
p,p'-DDD 1.5 
p,p'-DDT 2.5 
Milk 
required (g) 2 b 
Sample 
throughput 40 
per week 
a in ~g/kg whole milk 
-
b in ml = 
c from Ref 6 = 
I.S. = internal standard 
N/A = Not available 
CBelgium CWest cSweden cUSA cJapan 
Gennany 
1 0.5 
2 0.5 1 2.5 0.5 
2 1 1 --
2 1 1 
1 
2 0.2 1 
2 0.5 1 2.5 0.5 
3 0.2 2 0.5 
5 
1 5 2 
5 0.5 1 5 2 
50 5 25 7 100 
15 100 5 N/A 14 
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3.5 Sample preparation for the determination of OCPs in water 
As mentioned earlier bonded silica cartridges have proved a convenient sample collection plus 
shipping device, and also a rapid and simple technique for the clean-up/concentration of aqueous 
matrices in one step. The present work investigated the use of alkyl silica cartridges to develop 
a method for the detennination of OCPs in water. 
3.5.1 Optimisation of solid phase extraction 
OCPs can be removed from water by non-polar interactions on alkyl-bonded silica cartridges 
such as C18 and e8. It was found necessary to add a small volume of a water-miscible organic 
solvent such as methanol or acetonitrile to water samples so that OCPs would interact with alkyl 
moieties on the cartridge. Methanol was tried at several concentrations in distilled water. Five 
samples of 500ml of distilled water were spiked with 50~1 of spiking solution containing the 
OCP mixture. The final concentrations of OCPs after spiking into water are shown in Table 35. 
Methanol was added to 100ml aliquots of spiked distilled water to give methanol concentration 
of 0,2, 5, 10 and 15%. 
C8 (200m g) cartridges were assembled on a vacuum manifold and a vacuum pump was used for 
drawing liquid through the cartridges. Cartridges were conditioned with 2 x 1ml of isooctane, 
ethyl acetate, methanol and distilled water. The vacuum was turned off to keep the cartridges 
wet. 100ml samples of spiked water (in duplicate) were passed through the cartridges at a flow 
rate of 8-10mI/min. The water was added to cartridges when the last of the pre-conditioning 
water was just at the surface of the cartridge sorbent. Cartridges were washed with 2 x 1 m1 25% 
acetonitrile/distilled water to remove potentially interfering compounds then dried (for 3 
minutes) under vacuum. The vacuum pump was turned off and glass tubes were placed on the 
manifold chamber to collect eluates. For elution of OCPs, O.5ml of isooctane was added and left 
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to seep into the cartridge for 10 minutes. The vacuum was then turned on and the extracts 
collected. A second O.Sml of isooctane was also used. The two fractions were combined and 
mixed well on a vortex mixer. Eluates (lJ.ll) were assayed on capillary GLC-ECD using the 
splitless injection mode (described in 3.1.2). This sample preparation procedure is shown 
schematically in Figure 18. 
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WATER 
100m! or more t + 50~1 o,p'-DDE (O.4~g/ml) as J.s. 
PRE-CONDITIONED C8 CARTRIDGE 
with 2x 1 ml isooctane 
2xlml ethyl acetate 
2x 1 ml methanol 
2x 1 ml distilled water 
(vacuum off) 
WATER LOADING 
flow rate 8-10mVmin 
t 
WASHING 
2xlml 250/0 acetonitrile/distilled water 
t 
DRY CARTRIDGE 
3 minutes 
t 
ELUTION 
2xO.5ml isooctane 
1 
CAPILLARY GLC-ECD 
(1 J.11) 
FIGURE 18 Scheme for solid phase extraction of OCPs from water. 
I.S. - Internal standard 
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Two OCPs; o,p'-DDE and aldrin, were evaluated as internal standards for this method. Of the 
two; o,p' -DDE proved more reproducible and gave a higher recovery from water than aldrin. 
Therefore, o,p' -DDE was used as the internal standard for the development of this method for 
the determination of OCPs in water. Relative retention time and peak area ratio compared to 
o,p' -DDE were used for identifying and quantifying OCPs. Recoveries of OCPs were calculated 
from pure standard calibration curves and are shown in Table 35 with various amounts of 
methanol added to the water sample. All the OCPs showed high recoveries (between 75-1000/0) 
when using 5 and 10% methanol added to the water samples. 
Table 35 
OCP 
<x-HCH 
~-HCH 
r-HCH 
Heptachlor 
Aldrin 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Recoveries of OCPs from spiked tap water at 
concentrations 
. 
various methanol 
Conc in 
water 
(ppb) 
0/0 Recovery at various methanol concentrations 
0% 2% 5% 10% 15% 
0.05 101 100 110 111 144 
0.10 73 83 92 93 98 
0.05 93 112 109 108 125 
0.10 78 88 95 91 108 
0.10 74 66 76 73 59 
0.10 91 92 109 110 132 
(0.20) (l00) (l00) (l00) (l00) (l00) 
0.15 55 74 80 78 89 
0.15 67 80 86 92 99 
0.20 63 80 88 98 96 
0.15 73 74 101 99 119 
0.25 62 82 97 88 107 
A concentration of 5% methanol was considered optimum and so was used in the present 
method. 
The choice of eluting solvent was made after experiments to optimise recovery. In order to elute 
OCPs from a non-polar cartridge, ie, C8, C18, the elution solvent must be sufficiently non-polar 
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to displace OCPs and elute them from the cartridge. Isooctane and ethyl acetate were evaluated 
along with experiments to optimise cartridge drying times (ie, 0, 5, 10 minutes). 
Duplicate spiked distilled water samples, 100ml (with 5% methanol added) were passed through 
C8 solid phase cartridges according to the scheme in Figure 18. Different cartridge drying times 
were tried and OCPs were eluted with ethyl acetate or isooctane. Eluates were analysed by 
capillary GLC-ECD and recoveries were detennined against pure standard calibration curves. 
The effect of eluting solvent and cartridge drying time on recovery of OCPs from water is shown 
in Table 36. 
They showed that 3 minute drying was suitable for both ethyl acetate and isooctane when eluting 
OCPs from the 200mg C8 cartridge. Of the two solvents, isooctane was preferred as its boiling 
point is higher than ethyl acetate (mentioned before) and it also gave satisfactory recovery of u-
HCH, P-HCH and r-HCH. 
Table 36 
OCPs 
a-HCH 
~-HCH 
i-HCH 
Heptachlor 
Aldrin 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
The effect of eluting solvent and cartridge drying time (min) on recovery of 
OCPs from spiked distilled water using C8 (200m g) cartridges 
Cone in %R (ethyl acetate) %R (isooctane) 
water 3min 5min lOmin 3min 5min 10min 
(ppb) (drying time) (drying time) 
0.05 112 70 53 91 130 78 
0.10 133 133 99 100 90 83 
0.05 137 70 54 109 116 69 
0.10 121 79 45 78 60 67 
0.10 85 67 54 73 80 72 
0.10 142 97 70 121 118 89 
(0.20) (100) (100) (100) (100) (100) (100) 
0.15 82 60 45 83 72 60 
0.15 117 70 52 89 83 75 
0.20 100 93 84 96 90 82 
0.15 117 66 44 126 107 81 
0.25 94 139 88 112 86 78 
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Both the C8 and C18 bonded silica cartridges exploit non-polar interactions to extract trace 
organics from aqueous media. Experiments to find the optimum cartridge type and eluting 
solvent were carried out. C8 and C 18 (both 200m g) cartridges were used to extract l00ml of 
spiked distilled water (in duplicate). Cartridges were dried for 3 minutes under vacuum and 
OCPs were eluted with 2 x 0.5 of ethyl acetate or isooctane. 
Recoveries of OCPs were estimated against pure standard calibration curves and are shown in 
Table 37 according to type of cartridge/elution solvent, ie, C8/ethyl acetate, C8/isooctane and 
CI8/isooctane. C8 cartridge eluted with isooctane gave the best results. C8 cartridges are likely 
to be superior to CI8 for extraction of OCPs from water, probably due to the large volume of 
water passing through the cartridges reducing non-polar interactions between OCPs and C18 
which are more non-polar than the C8. 
Table 37 
OCPs 
a-HCR 
P-HCH 
T-HCH 
Heptachlor 
Aldrin 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Recoveries of OCPs from C8/C18 cartridges after elution with ethyl acetate 
or isooctane 
% Recovery 0/0 Recovery 0/0 Recovery 
Cone C8/ C8/ C18/ 
in water ethyl acetate isooctane isooctane 
(ppb) 
0.05 112 91 91 
0.10 133 100 72 
0.05 137 109 88 
0.10 121 78 60 
0.10 85 73 72 
0.10 142 121 82 
(0.20) (100) (100) (100) 
0.15 82 83 53 
0.15 117 89 68 
0.20 100 96 62 
0.15 117 126 72 
0.25 94 112 52 
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3.5.2 Volume breakthrough and sorbent capacity for solid phase extraction 
Volume breakthrough is the volume of sample at which the sorbent becomes saturated and can 
no longer retain additional analytes from the sample. The capacity of sorbents for analytes is 
reduced in proportion to the amount of competing compound present. Environmental samples 
such as water although containing very low concentrations of OCPs, do contain potential 
interferences which may co-extract. Cartridges for instance 200mg of C8 sorbent might be ) ) 
adequate for up to 400ml of drinking water for the extraction of some OCPs but this is not 
always the case. With drinking water samples it is often necessary to increase the -volume in 
order to increase the sensitivity of detection. Therefore, the present work evaluated C8 
cartridges both 200mg and 500mg for their capacity to retain OCPs from increasing volumes of 
water. 
A 5- L sample of tap water was spiked with a mixture of OCPs. The spiked water contained 
OCPs at approximately the levels expected in general drinking water. They were a-HCH and T-
HCH (O.Olppb); P-HCH, heptachlor, heptachlor epoxide and aldrin (O.02ppb); p,p' -DDE, 
dieldrin and p,p' -DDD (O.03ppb); endrin (0.04ppb); and p,p' -DDT (0.05ppb). Water volumes 
of 100, 200, 300, 400, 500 and 1000ml with 5% methanol and the same amount of internal 
standard (0.20ppb o,p' -DDE) were passed through 200 and 500mg cartridges (in duplicate). 
The extraction procedure followed that described in Figure 18. Isooctane (2xO.5ml) was used to 
elute the OCPs from both sizes of C8 cartridges. Recovery of OCPs was determined from pure 
standard calibration curves and the volume breakthrough of each OCP on the cartridges was 
assessed by plotting recovery (ppb) against water volume applied. A linear plot of recovery 
against volume of water up to the point of breakthrough would be expected. The volume 
breakthrough of OCPs on C8 (500mg) is shown in Figure 19a and 19b. A comparison of 
volume breakthrough between the 200 and 500mg C8 cartridges is shown in Table 38. The 
capacity of the sorbent to retain OCPs was estimated from the concentrations in water and the 
volume breakthrough and is also shown in Table 38. 
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It appeared that with most OCPs the larger the amount of sorbent, the greater of the volume 
breakthrough. However, for the cyclodienes such as heptachlor, aldrin and endrin this was not 
the case. For the present multi-residue meth<XL the maximum volume of water that could be 
passed through a 200mg C8 cartridge was 300ml and through a 500mg cartridge was 400ml. 
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CONC. 
(ppb) 
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FIGURE19a 
ENDRIN 
CONC. 
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WATER VOLUME (x10 2 ML) 
Plots of water volume applied onto C8 (500mg) bonded silica cartridges 
against concentrations (ppb) of OCP recovered. The volume 
breakthrough of each OCP was estimated at the point of linearity reached 
and started level-off. The maximum volume of water could apply to this 
cartridge in order to achieve satisfactory recovery of endrin, dieldrin, 
heptachlor and heptachlor epoxide was 400ml except aldrin seemed to be 
retained up to 1000mI. 
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CONC. 
CONC. (ppb) 
Beta-HCH (ppb) 0.22 
0.44 P,p'-DDT 
X 
0.20 0.40 
0.18 0.36 
0.16 0.32 
P,p'-DDD 
O. 14 Gamma-HCH 0.28 
0.12 0.24 
P,p'-DDE 
0.10 0.20 
* Alpha-HCH 
0.08 O. 16 
0.06 0.12 
0.04 0.08 
0.02 0.04 
o o 
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FIGURE 19b 
WATER VOLUME (xl0 2ML) 
Plots of water volume applied onto C8 (500mg) bonded silica caruidges 
against concentration (ppb) of OCP recovered. The volume breakthrough 
of each OCP was estimated at the point of linearity reached and staned 
level-off. The maximum volume of water sample for p,p' -DDE was 
4(){)ml whereas ex-HCH, ~-HCH, i-HCH, p,p'-DDD and p,p'-DDT 
achieved satisfactory recovery from water with volume up to lOOOmL 
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Table 38 
OCPs 
a-HeR 
~-HCR 
T-HeR 
Heptachlor 
Aldrin 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Comparison of volume breakthrough and sorbent capacity on C8 bonded 
silica cartridges 
Cone in C8 (200mg) C8 (500mg) 
water Breakthrough Capacity Breakthrough Capacity (ppb) (ml) (ng) (ml) (ng) 
0.01 400 4 1000 10 
0.02 300 6 1000 20 
C.01 300 3 1000 10 
0.02 400 8 400 8 
0.02 500 10 1000 20 
0.02 NDa NDa 400b 8 (0.20) NDb NDb ND NDb 
0.03 400 12 400 12 
0.03 NDa NDa 400 12 
0.04 500 20 500 20 
0.03 500 15 1000 30 
0.05 500 25 1000 50 
not detennined in the initial experiment 
not detennined since it was used as internal standard. 
3.5.3 Discussion of results 
The isolation of OCPs from a large volume of aqueous solution such as drinking water on C8 
cartridges was enhanced when the water had been modified with a water miscible organic 
solvent. This was probably due to decreasing the polarity of the water sample promoting 
partition of OCPs to interact on C8 moieties on the sorbent cartridge. Experiments using various 
concentrations of methanol added to spiked water showed that adding 5 to 10% methanol to the 
water gave the best recovery (Table 35). For the present studies 5% methanol was chosen. 
C8 bonded silica cartridges were shown to be more suitable than the CI8 for extraction of OCPs 
from water, and isooctane was a better eluting solvent than ethyl acetate. The higher boiling 
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point of isooctane is also an advantage since it allows shorter analysis time on capillary GLC 
with solvent effect (mentioned in 3.1.2). 
Drying of the cartridge is important when using a non-polar eluting solvent after extraction from 
a polar matrix such as water. However, it was shown that some OCPs were lost if vacuum 
drying was too long (see Table 36). Three minutes was shown to be optimal for the C8 (200mg) 
cartridge used in the present study. 
The maximum volume of water before breakthrough was of some OCPs 300ml and 400ml for 
the 200 and 500mg cartridge, respectively. Although with some OCPs such as HCRs and DDT 
up to 1 L of water could be used, cyclodienes such as heptachlor, aldrin and endrin were not 
fully retained if such large volumes were passed through (see Figure 18a,b). 
Furthermore, the larger the volume, the longer the extraction time. The flow rate gradually 
decreased when the larger volumes were filtered. Tap water was used for these experiments 
rather than distilled water since real samples are often turbid and contained suspended materials. 
It was observed that the flow-rate had decreased nearly by half with a water volume of lL (see 
Table 39). 
Table 39 Average flow rate of water passing through C8 (500mg) cartridge in 
accordance with water volume applied 
Water volume 
(ml) 
100 
200 
300 
400 
500 
1000 
A verage flow rate 
(ml/min) 
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10.0 
10.0 
10.6 
10.0 
10.0 
5.3 
This was probably due to clogging of the cartridge by impurities from tap water. It was 
observed that the cartridge went yellow. 
Although aldrin had proved a suitable internal standard in the milk method using C18 cartridges 
(mentioned earlier), it was not highly retained on C8 from water. Hence, o,p' -DDE was a more 
suitable internal standard for the water method (see Tables 35 and 37). 
3.6 Validation of method for the determination of OCPs in water 
3.6.1 Rationale for using tap water as ~ model in method validation 
Both distilled and tap water (lOOml, in duplicate) were spiked with eleven OCPs including o,p'-
DDE (0.2ppb in water) as internal standard, and isolated using C8 (200mg)-solid phase 
extraction as described in Figure 18. Eluates (lll-I) were assayed using capillary GLC-ECD with 
splitless injection (mentioned in 3.1.2). Recoveries of OCPs were calculated from pure standard 
calibration curves, the results are shown in Table 40. Tap water was collected after flushing the 
pipe until water was clean (often about half an hour). Fresh distilled water was taken from the 
laboratory supply. Recoveries of OCPs from both distilled and tap water were similar. 
Chromatograms of unspiked distilled and tap water are shown in Figure 20a,b. Both 
chromatograms had similar chromatographic interferences that probably contributed to high 
recovery ofT-HCH and dieldrin. Tap water had slightly more chromatographic interferences at 
the beginning of chromatogram perhaps from highly volatile compounds contained in tap water. 
A large peak at 14.6 minutes was a ghost peak from the OLC system perhaps from the septum 
(mentioned earlier in 3.3.2 and Figure 11). 
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Table 40 
OCPs 
a-HCR 
~-HCH 
r-HCH 
Heptachlor 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Recovery of OCPs from distilled and tap water using C8 cartridge extraction 
of 100m) spiked water (in duplicate) 
Spiked water 
(ppb) 
0.02 
0.04 
0.02 
0.04 
0.04 
(0.20) 
0.06 
0.06 
0.08 
0.06 
0.10 
% Recovery 
Distilled water Tap water 
100 100 
110 110 
120 120 
90 100 
90 100 
(100) (100) 
93 93 
133 133 
105 110 
87 93 
92 96 
132 
~ 
u: 
a 
~ 
FIGURE 20a 
28 
TIME(MINUTE) 
Capillary chromatogram of unspiked distilled water. Operating conditions 
were the same as in Table 18. 
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FIGURE 20b 
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Capillary chromatograms of unspiked tap water. 
were the same as in Table 18. 
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Operating conditions 
3.6.2 Method validation 
Recovery 
Tap water (500ml) was spiked with 50J.lI of OCPs spiking mixture at 3 different levels referred 
to as low-, medium- and high levels. Spiked water (lOOmI, in triplicate with 5% methanol 
added) was added with 50/0 methanol and then passed through conditioned C8 cartridges as 
described earlier in Figure 18. Eluates (lJ.lI) were assayed using capillary GLC-ECD with 
splitless injection (as in 3.1.2). 
Recoveries of OCPs at 3 levels were calculated from pure standard calibration curves and are 
shown in Table 41a. There was considerable variation in recovery of the ten OCPs at low, 
medium and high levels ranging between 64-122%, 84-121 % and 79-124%, respectively. 
However, when considering an individual OCP it appeared that only the recovery of heptachlor, 
p'p' -DDE and p,p' -DDT varied widely over the three different levels. These had a CV of 15.3, 
13.8 and 12.2%, respectively (see Table 41b). The other OCPs gave a CV of less than 10%. 
The high variation of recovery was often due to some chromatographic interference from tap 
water perhaps chlorinated compounds created from the water disinfection process. It is worth 
mentioning that the OCPs at the lowest level were all lower that the EEC limit by about 2-10 
times (the EEC limit for pesticides in drinking water is 0.1 ~g!1 or 0.1 ppb). It was also observed 
that HCHs (all 3 isomers) often gave high recovery from either tap or distilled water (mentioned 
earlier in Table 40). The batch-to-batch variation of cartridges is also known to vary widely 
although they were from the same company. Therefore, these variations can contribute to the 
variation of reproducibility within or between analysis. 
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Table 41a Recoveries of OCPs at 3 different levels from spiked tap water (n=3) 
OCPs 
a-HCH 
~-HCH 
r-HCH 
Heptachlor 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Low 
ppb %R±SD 
0.01 114+7 
0.02 108+8 
0.01 122±9 
0.02 107+12 
0.02 112+16 
(0.20) (100) 
0.03 64+9 
0.03 98+8 
0.04 86+11 
0.03 109+4 
0.05 76+8 
Medium 
ppb %R±SD 
0.05 121+8 
0.10 119+5 
0.05 113+8 
0.10 87+7 
0.10 119+13 
(0.20) (100) 
0.15 84+5 
0.15 109±2 
0.15 90±5 
0.15 110±4 
0.25 96+1 
High 
ppb %R±SD 
0.10 121+3 
0.20 114+7 
0.10 118+6 
0.20 80±8 
0.20 119+12 
(0.20) (100) 
0.30 79±2 
0.30 103+4 
0.40 96+6 
0.30 124+4 
0.50 93+10 
Table 41b Mean recovery and % CV of OCPs at 3 different levels of spiked tap water 
OCPs 
(X-HCH 
~-HCH 
l-HCH 
Heptachlor 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p' -DDD 
p,p' -DDT 
Mean recovery 
(mean+SD) n=3 
119+4 
114+6 
118+5 
91+14 
117+4 
(100) 
76+10 
103+5.5 
91+5 
114+8 
88+11 
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%CY 
3.4 
4.8 
3.8 
15.3 
3.5 
o 
13.8 
5.3 
5.6 
7.3 
12.2 
Linearity of calibration curves. 
Eight 100ml aliquots of tap water were spiked with OCPs at 0, 1,2, 3, 4, 5, 7 and 10 times the 
lowest concentration mixture. Concentrations of OCPs in spiked tap water are shown in Table 
42. o,p'-DDE (O.2Oppb) was added and used as the internal standard. All spiked tap water 
samples were process as mentioned in Figure 18 and the eluates were assayed using capillary 
GLC-ECD with splitless injection (as in 3.1.2). 
Table 42 Concentrations of OCPs in spiked tap water for generation of standard 
calibration curves 
OCPs 
a-HCH 
~-HCH 
r-HCH 
Heptachlor 
Hept epoxide 
o.p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Cone. of spiked tap water (ppb) 
1 2 3 4 5 6 7 
0.01 0.02 0.03 0.04 0.05 0.07 0.10 
0.02 0.04 0.06 0.08 0.10 0.14 0.20 
0.01 0.02 0.03 0.04 0.05 0.07 0.10 
0.02 0.04 0.06 0.08 0.10 0.14 0.20 
0.02 0.04 0.06 0.08 0.10 0.14 0.20 
(0.20) (0.20) (0.20) (0.20) (0.20) (0.20) (0.20) 
0.03 0.06 0.09 0.12 0.15 0.21 0.30 
0.03 0.06 0.09 0.12 0.15 0.21 0.30 
0.04 0.08 0.12 0.16 0.20 0.28 OAO 
0.03 0.06 0.09 0.12 0.15 0.21 0.30 
0.05 0.10 0.15 0.20 0.25 0.35 0.50 
Pure non-extracted calibration curves were generated from seven working standard solutions 
with equivalent levels to the extracted ones. Calibration curves were generated by plotting peak 
area ratio against concentration and linearity was computed using linear regression analysis. 
The correlation coefficients (r) of pure and extracted standards are shown in Table 43. They 
show satisfactory linearity for all the OCPs with most having r- greater than 0.99, except p,p'-
DDT was 0.975. p,p' -DDT (as mentioned earlier) was the component most susceptible to 
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degradation either from the samples preparation or analysis process. It can decompose to an 
unknown product mentioned in 3.1.3 and Figure 4. 
Representative calibration curves of a-HCH and heptachlor epoxide are shown in Figure 21 and 
a representative chromatogram of spiked tap water is shown in Figure 22. 
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Table 43 
OCPs 
a-HCH 
~-HCH 
r-HCH 
Heptachlor 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Calibration curves of OCPs in pure and extracted standards for determination in 
water samples 
Pure OCP Std Extracted OCP Std 
Slope Intercept r Slope Intercept r 
0.0875 -0.0095 0.9988 0.0957 0.0455 0.9939 
0.0380 -0.0034 0.9983 0.0522 0.0412 0.9872 
0.0999 -0.0043 0.9984 0.1110 0.0196 0.9961 
0.0620 -0.0030 0.9928 0.0510 0.0398 0.9867 
0.0701 -0.0009 0.9985 0.0862 0.1027 0.9887 
as internal standard 
0.0451 -0.0053 0.9987 0.0324 -0.0045 0.9976 
0.0668 -0.0039 0.9992 0.0696 -0.0114 0.9926 
0.0448 -0.0076 0.9991 0.0582 -0.0132 0.9964 
0.0429 -0.0003 0.9997 0.0474 -0.0003 0.9888 
0.0291 -0.0537 0.9967 0.0244 -0.0113 0.9754 
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Representative calibration curves of a-HCH and heptachlor epoxide extL!L'lCd 
from spiked tap water according to the present method_ 
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28 
Representative capillary chromatogram of extracted OCP standard from spiked 
tap water. Operating conditions were the same as in Table 18. 
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Reproducibility. 
Aliquots (lOOml) of spiked tap water (containing 5% methanol) covering low-, medium- and high-levels 
were prepared and extracted on C8-solid phase cartridges. One sample at each level was eluted on the 
day of preparation (called dl) and assayed as described above. The remaining cartridges were stored at 
4°C. A cartridge containing the extracts from a low, medium and high spike level was eluted and 
assayed at various intervals over 4 weeks namely d3, d7, d9, d14, d22 and d27. Recovery of each 
component on each day of analysis was calculated by comparison with extracted calibration curves 
generated on that day. The day-to-day variation or reproducibility of the method was assessed by 
calculating the mean recovery and the CV. The results are shown in Table 44. 
The LOD was computed from linear regression by adding three times the standard derivation to the 
detected noise (described in 3.3.2). The LaD of the present method for each OCP in water is shown in 
Table 45. 
The day-to-day reproducibility of the lowest level (which was also the LaD of the present method) 
varied considerably, although the recovery was satisfactory except for heptachlor which had a mean 
recovery of only 640/0. The variation at medium- and high-level was gradually decreasing except 
heptachlor and p,p' -DDE. It was observed that recovery of p,p' -DDE changed widely from batch-to-
batch cartridges as there were 2 different batches that had been used. 
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Table 44 
OCPs 
f-' 
~ 
w 
a-HCH 
~-HCH 
T-HCH 
Heptachlor 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Reproducibility of OCP determination at 3 different levels of spiked tap water stored in cartridges for up to 4 weeks 
(n=7) 
LOW MEDIUM HIGH 
Spiked % Detected %CY Spiked % Detected %CY Spiked % Detected %CV 
water water water 
(ppb) (ppb) (ppb) 
0.01 96 17 0.05 102 7 0.10 109 8 
0.02 96 5 0.10 103 1 1 0.20 102 3 
0.01 93 5 0.05 104 8 0.10 109 8 
0.02 64 8 0.10 95 25 0.20 85 6 
0.02 92 8 0.10 104 10 0.20 98 1 
0.20 (l00) 0 0.20 (100) 0 0.20 (l00) 0 
0.03 83 35 0.15 111 21 0.30 72 27 
0.03 83 21 0.15 98 24 0.30 96 2 
0.04 96 25 0.20 106 12 OAO 98 2 
0.03 83 12 0.15 113 12 0.30 82 15 
0.05 94 11 0.25 117 10 0.50 89 11 
Table 45 The LOD of the present method for OCP determination in water 
OCPs 
a-HCH 
~-HCH 
T-HCH 
Heptachlor 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
LS. 
3.6.3 Storage of water samples 
LOD 
(ppb) 
0.01 
0.02 
0.01 
0.02 
0.02 
as LS. 
0.03 
0.03 
0.04 
0.03 
0.05 
internal standard 
Environmental monitoring programmes often have to deal with a large number of samples and 
samples sizes (often more than a litre). Water samples then have to be transported to a 
laboratory for processing and analysis. Water containers are often glass or polypropylene 
bottles. The OCPs of interest for water monitoring are at trace levels, so loss of these 
components due to adsorption onto container wall will affect the results significantly. 
Small solid phase cartridges which weigh only about one gram or less could prove a very 
convenient method to collect water samples on site, such that cartridges could be transported 
back to the laboratory rather than bulky water samples. Alternatively water samples have to be 
filtered as soon as possible after receipt at the laboratory and cartridges then stored at 4°C or 
room temperature until analysis. 
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Two litre tap water samples were spiked with pesticide solutions, lOOmIs aliquots taken, and Sml 
of methanol added to each aliquot. Seven aliquots were extracted on C8 (2oomg) cartridges as 
described in Figure 17. One cartridge was processed the same day (called dl). The remaining 
cartridges were stored in cartridge bags and kept at 4°C in the refrigerator. The remaining water 
aliquots were stored at room temperature (about 16-20°C) on the bench with no protection from 
light. Stored cartridges and water aliquots were processed and assayed on 7 different days 
spread out over 4 weeks. OCP levels were detennined using extracted calibration curves each 
day. A comparison of the day-to-day reproducibility of the method after storage in glass bottles 
or on cartridges is shown in Table 46. Three compounds, heptachlor, p,p' -DDE and- p,p' -DDT 
had lower recoveries and higher CV's when stored in glass bottles at room temperature rather 
than in cartridges (see Figure 23a) but the other compound did not show any difference (see 
Figure 23 b). The level of these three compounds in glass bottles dropped in the first week of 
storage although later they appeared higher. However, the flow-rate of water stored in glass 
bottles at room temperature created problems in filtering perhaps due to an increase in water 
viscosity (discussed later). 
Table 46 
OCPs 
a-HCH 
~-HCH 
l-HCH 
Heptachlor 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Comparison of day-to-day reproducibility of OCPs after storage of extracts 
on cartridges and aliquots of spiked tap water in glass bottles 
Spiked water 
(ppb) 
0.05 
0.10 
0.05 
0.10 
0.10 
0.20 
0.15 
0.15 
0.20 
0.15 
0.25 
CARTRIDGE 
% Detected % CV 
n=7 
102 7 
103 11 
104 8 
95 25 
104 10 
(100) 0 
111 21 
98 24 
106 12 
113 12 
117 10 
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GLASS BOTfLE 
% Detected % CV 
n=6 
97 6 
116 4 
107 13 
53 79 
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The shipment of cartridges from sampling sites, particularly when sampling at remote locations 
in developing countries can involve a journey across several hundred miles and take several 
days before samples arrive at the laboratory. In order to find out whether or not storage 
temperature influenced any degradation of OCPs stored on the cartridge, lOOml spiked water (in 
duplicate) was passed through cartridges which were then packed back into the cartridge bags. 
One was stored at 4°C in the refrigerator, the other was left on the bench in the laboratory at 
room temperature which was about 16-20DC for two weeks. The cartridges were processed as 
described earlier and eluates were assayed using capillary GLC-ECD with splitless injection. 
OCP recovery was calculated against extracted calibration curves. A comparison of OCP 
recovery from cartridges stored at room temperature and at 4°C in the refrigerator is shown in 
Table 47. The results showed that the recovery of heptachlor, dieldrin and endrin stored in the 
cartridges at room temperature was considerably lower than when stored at 4 DC while the other 
components appeared unchanged. However, this factor has to be further investigated with 
various types of water samples. 
Table 47 
OCPs 
u-HCH 
~-HCH 
T-HCH 
Heptachlor 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
P,p'-DDD 
p,p'-DDT 
Comparison of OCP recovery from cartridges stored at room temperature 
and at 4DC 
% Recovery 
Spiked water 
ppb RT (l6-20DC) Refrigeration (4 DC) 
0.05 104 102 
0.10 103 101 
0.05 105 101 
0.10 69 82 
0.10 89 97 
0.20 as internal standard 
0.15 114 126 
0.15 68 95 
0.20 76 99 
0.15 93 107 
0.25 105 117 
R T - room temperature 
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When spiked tap water was stored in glass bottles on the bench in the laboratory during the 
storage study, it was noticed that the flow rate when passing through cartridges was reduced 
after storage for 3 days. The flow rate during solid phase extraction was decreased as the length 
of storage increased. Although it is widely known that fungus will grow in water unless 
preservatives are used, it was intended during the present study to omit preservatives. It has 
been shown earlier that storage of water in glass bottles caused a reduction of heptachlor, p,p'-
DDE and p,p' -DDT levels. In order to find out whether an increase in the viscosity of spiked tap 
water during storage was a cause of the reduced recovery for these three components an 
experiment was carried out. Distilled and tap water were spiked with the same levels of OCPs, 
lOOml aliquots taken and 50/0 methanol added. Samples were stored on the bench in the 
laboratory for 5 days since flow rate reduction had first been observed from day 3. 
Aliquots of both distilled and tap water ( triplicate) were processed and analysed on day 1, day 
3 and day 5. Reproducibility of the mean recoveries from spiked distilled and tap water IS 
shown in table 48a. Heptachlor levels fell to below 40% in the spiked level in both types of 
water by day 3 (see Table 48b) Although p,p' -DDE and p,p' -DDT levels did not drop as much 
as heptachlor, they did drop by day 5 except p,p' -DDT level at day 5 in tap water which did not 
change. 
It appeared that the level of heptachlor had changed in both types of water from day 3. It was 
observed that spiked distilled water did not show flow rate problems over the 5 day study period 
although this was observed with tap water. It is likely that the loss of heptachlor, p,p' -DDE and 
p,p' -DDT was not from flow rate problems but was due to adsorption onto the glass wall of the 
storage container. It has been reported that DDT is bound tightly to sediment and particulate in 
water (127). The loss of heptachlor during storage was possibly due to adsorption onto the glass 
wall of the container or due to degradation to heptachlor epoxide. The latter is unlikely since the 
heptachlor epoxide level was unchanged, hence adsorption onto the glass wall of the contamer 
was the more likely cause. The T-RCR level in distilled water by day 5 was slightly increased 
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probably due to interferences. Lindane has been reported as much likely to adhere onto 
sediments than DDT (127). This is probably the reason that lindane was not changed by 
comparison with DDT. 
Table 48a 
OCPs 
a-HCH 
P-HCH 
f-HCH 
Heptachlor 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
Table 48b 
OCPs 
t-HCH 
Heptachlor 
Hept epoxide 
p,p'-DDE 
P,p'-DDT 
Reproducibility of OCP recovery from spiked distilled and tap water stored 
in glass bottles for up to 5 days 
Spiked 
water 
(ppb) 
0.05 
0.10 
0.05 
0.10 
0.10 
0.20 
0.15 
0.15 
0.20 
0.15 
0.25 
DISTILLED WATER 
% Detected % CY 
n=3 
100 15 
103 5 
120 32 
50 74 
98 17 
(100) 0 
86 33 
129 5 
106 4 
94 12 
81 41 
TAP WATER 
% Detected % CY 
n=3 
97 6 
116 4 
107 13 
53 79 
89 11 
(100) 0 
82 27 
126 8 
103 5 
104 16 
100 6 
The effect of storage time on some OCP recovery from spiked tap and 
distilled water stored in glass bottles 
Spiked 0/0 R (Distilled water) % R (Tap water) 
water d1 d3 d5 d1 d3 d5 
(ppb) 
0.05 118 83 159 123 96 101 
0.10 92 36 23 100 21 37 
0.10 92 85 117 97 93 93 
0.15 96 108 53 94 96 57 
0.25 92 108 44 94 106 99 
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3.6.4 Discussion of results 
Validation of the present method did highlight some important factors when determining OCPs 
in water. Tap water was shown to be a suitable model matrix as it contains endogenous 
constituents similar to natural waters. Tap water was also obtainable without significant ECD 
responding compounds which allowed quantitation with negligible interference. 
Storage conditions were shown to be highly important for accurate determination of OCPs in 
water since the non-polar characteristics of these compounds made them prone to adhere onto 
solid surfaces such as glass or plastic - containers, sediments and particulates in water. Extracts 
from water samples stored on the cartridges gave higher recoveries than when samples were 
stored in glass bottles. 
Although cartridges can be used as a convenient means to collect water samples on site, this 
requires mobile laboratory equipment such as a vacuum pump. Furthermore, sample processing 
not 
on site is ~ often carried out under well controlled conditions as in the laboratory. Therefore, 
water samples transported from site have to be processed through the cartridges as soon as 
possible and stored at 4°C until analysed. Results from the present study indicate that water 
samples in bottles must be processed onto cartridges within 24-48 hours of receipt but that 
cartridges could be stored at 4°C probably up to 4 weeks. 
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3.7 Application of method to determine OCPs in water 
3.7.1 Potable water sample analysis 
A pilot study to determine OCPs in potable water around several sites In Chiang Mai and 
Lampoon Provinces in northern Thailand was carried out. 
Seventeen potable water samples (lL) were collected in polypropylene bottles and brought to the 
Biochemistry laboratory of the Research Institute for Health Sciences, Chiang Mai -University, 
Chiang Mai. All water samples were processed on the next day without pre-filtration. Methanol 
was added to each water sample to a concentration of 5% (ie, 5ml methanol added into 100mI 
water sample) before solid phase extraction by the procedure described earlier in Figure 18. 
Some water samples contained fine particulates and gave considerable problems during filtration 
through the cartridge. Cartridges were then put back into cartridge bags and stored at 4°C in the 
refrigerator. The cartridges were brought at ambient temperature to the Robens Institute of 
University of Surrey, Guildford, with an approximate journey time of 24 hours. They were then 
kept in the refrigerator until the day of analysis. From collection until analysis, they were stored 
for about 9 months at 4°C. All cartridges were processed and assayed according to the present 
method. Eluates (lml) from the cartridges were spiked with 50111 o,p'-DDE equivalent to a 
concentration of 0.2ppb since the internal standard was not added before solid phase extraction. 
Calibration curves were generated from spiked tap water (lOOml containing 5ml methanol) and 
o,p'-DDE (50111) was added as internal standard into the eluates from cartridges as for the 
sample eluates. OCP concentrations were estimated against calibration curves. Representative 
chromatograms of solvent blank and potable water samples are shown in Figure 24a,b. Three 
HCH isomers (ie, (X-, ~- and y-HCH), heptachlor, heptachlor epoxide and dieldrin were 
measured and their concentrations are shown in Table 49. This was an attempt to detect OCPs 
in these water samples, so a water volume of 200ml was used instead of the 100mi used for the 
establishment of the LOD of the present method. Some water samples with lower volumes 25, 
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50, 100ml were also processed since these samples (see Table 49) contained fine particulates and 
clogged the cartridge. Therefore, levels below the LOD (<LOD) are also shown in Table 49. 
The mean levels of a-HCH and T-HCH were 0.02ppb (n=7) and 0.02ppb (n=5), respectively, and 
less than the guideline set in the EEC Directive (1980) for drinking water of 0.1 ppb for any 
individual pesticide. The highest level of a-HCH and 1-HCH is also less than the EEC limit (262a). 
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water and 5ml methanol and processed according to the present method. 
Operating conditions were the same as in Table 18. 
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Table 49 OCPs detected in potable water samples from northern Thailand, 1990 
Sample Water 
vol a-HCH 
(ml) 
TW001 200 0.01 
TW002 200 <0.01 
TW003 200 0.01 
TW004 200 <0.01 
TW005 100 <0.01 
TW006 200 0.01 
TW007 200 0 
TW008 200 0.02 
TW009 200 <0.01 
TW010 200 0.01 
TW011 200 0.01 
TW012 25 0 
TW013 100 0.06 
TW014 50 0 
TW015 50 0 
TW016 100 0 
TW017 200 <0.01 
Mean 0.02 
SE 0.004 
n 7 
Median 0.01 
Max 0.06 
Min 0.01 
100 0.01 
bBreakthrough 
(ml) 
400 
a from Table 45. -
b from Table 38. = 
< - less than the LOD. 
N/A - Not applicable. 
OCP cone (pp b) 
~-HCH l'-HCH Hept Hept Dieldrin 
epoxide 
0.06 0.01 0 0 <0.03 
0.06 <0.01 0 0 <0.03 
0.07 <0.01 0 0 <0.03 
0.02 <0.01 0 0 <0.03 
0.02 <0.01 0 0 <0.03 
0.02 0.01 0.06 2.33 <0.03 
0.02 0 0 0 <0.03 
<0.02 0.04 0 0 <0.03 
0.03 0 0 0 <0.03 
0.05 0.01 0 0 <0.03 
0.04 0.01 0 0 <0.03 
0.25 0 0 0 0 
0.11 0 0 0 <0.03 
0 0 0 0 <0.03 
0 0 0.14 0 0 
0 0 0 0 <0.03 
0 <0.01 0 0 <0.03 
0.06 0.02 0.10 N/A N/A 
0.019 0.006 0.04 N/A N/A 
12 5 2 1 15 
0.045 0.01 N/A 2.33 <0.03 
0.25 0.04 0.14 N/A N/A 
0.02 0.01 0.06 N/A N/A 
0.02 0.01 0.02 0.02 0.03 
300 300 400 N/A N/A 
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with values of 0.06 and O.04ppb, respectively. The water sample TW013 was from a ground 
water for water supply and contained a-HCH at O.06ppb whereas TWoo8 was a tap water 
sample and contained l'-HCH at O.04ppb. P-HCH, a metabolite of lindane, was detected in 12 
water samples of the total 17 samples. The mean and maximum detected levels of P-HCH were 
0.06 and O.25ppb, respectively and the latter exceeded the EEC limit (262a) although the median 
level was only 0.045ppb. The water samples TWOl2 (river water) and TWOl3 (ground water) 
contained p-HCH at 0.25 and 0.11 ppb, respectively. 
Heptachlor and its metabolite heptachlor epoxide were detected in only 2 water samples and 
their levels were higher than the EEC limit. Sample TWOO6, a finished tap water, contained 
heptachlor and heptachlor epoxide at 0.06 and 2.33ppb, respectively. Sample TW015 was a 
surface water from the reservoir of a water supply plant and contained heptachlor 0.14ppb 
without detection of its metabolites. 
Dieldrin was detected in almost all water samples although their levels were less than the LaD 
of the present method (0.03ppb). 
3.7.2 Discussion of results 
Three isomers of HCH (ie, <X-, ~- and l-HCH) were detected in most potable water samples in 
the present survey and 2 samples had a concentration of ~-HCH which exceeded the EEC limit. 
Drinking water standard guidelines from the EEC Directive (1980) (262a) and the USEPA 
(1975,1989) (262b,c) of some OCPs are shown in Table 50. 
Heptachlor (2 samples) and heptachlor epoxide (1 sample) were detected at high levels. Dieldrin 
was detected in almost all samples but at a very low level (<LaD). Other cyc10dienes and DDT 
were not detected in any samples of the present survey. 
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Table 50 Drinking water standard guidelines 
Pesticides Maximum admissible concentration, MACa (ppb) 
EEC (1980) b USEPA c 
a-HCH N/A 
~-HCH N/A 
r-HCH 0.2 (1989) 
Heptachlor 0.4 (1989) 
Aldrin 1 (1975) 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
N/A = Not available 
0.1 separately and 
0.5 in total 
0.2 (1989) 
N/A 
N/A 
1 (1975) 
0.2 (1975) 
N/A 
50 (1975) for total DDTs 
a 
used in the EEC directive whereas In USEPA employed "Maximum Contamination 
Level (MCL)" instead. 
b = Ref 262a, c = Ref 262b, c 
A survey of 33 water samples from various sites of the Mae Ping River, the main river of Chiang 
Mai and Lampoon Provinces reported OCPs at very high levels (263). OCPs detected in 
potable water samples from the present survey and in river water samples from Ref 263 are 
shown in Table 51. Concern has arisen as the OCP levels detected in these river water samples 
were very high and this river water is often exploited as a water supply source. Therefore, a 
longer and thorough examination of OCP contamination in water in this region is needed. 
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Table 51 OC~s detected in potable wate.-3 and river waterb samples in northern 
ThaIland 
OCPs % of samples Potable water a 0/0 of samples River water b 
detected Detected range detected Detected range 
(Total n=17) (ppb) (Total n=33) (ppb) 
(X-HCH 41 0.01 - 0.06 NR NR 
~-HCH 71 0.01 - 0.25 94 0.2 - 9 
T-HCH 29 0.01 - 0.04 NR NR 
Heptachlor 12 0.06 - 0.14 94 2 - 302 
Hept epoxide 6 2.33 55 0.1 - 24 
Aldrin 0 0 82 0.3 - 52 
Dieldrin 88 <0.03 NR NR 
p,p'-DDE 0 0 85 0.6 - 60 
a from the present survey in January 1990. 
b from Ref 263 between August 1988 - April 1989. 
NR not reported found. 
Dieldrin was detected in cistern water samples from four islands in the Caribbean Sea in 1970 at 
levels up to 0.1 ppb (135) and in Ottawa drinking levels in 1976 at levels between 0.1-4ppt (134). 
DDT and HCH were found in major sources of drinking water in Bhopal, India in 1990 (264) at 
very high concentrations. Three isomers of HCH (cx-, ~- and r-HCH) and 4 isomers of DDT 
(p,p' -DOE; p,p' -DDD; p,p' -DDT and o,p' -DDT) were detected in ponds at concentrations of 
0.5-5.2ppm for HCH and 0.065-13.2ppm for DDT. 
DDT and its metabolites are prone to adhere to sediments and particulates in water or other solid 
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surfaces (ie, glass, plastic bottles) due to their very non-polar characteristics compared to 
cyc10dienes and HCH. It is possible that DDT and its metabolites were not detected in the 
present survey due to their low levels in potable water and/or the possibility that they were 
irreversibly adsorbed onto the cartridges as they had been stored for about 9 months. The 
storage experiments on cartridges using the present method unfortunately covered only 4 weeks, 
hence this preliminary investigation of DDT and cyclodienes is of limited value. It has however 
been shown that the method should prove suitable for a larger well controlled study. 
3.8 Confirmation methods 
ConfIrmation of the identity of OCPs detected during the work described earlier was considered 
essential (as mentioned earlier in 1.5.3.) In environmental monitoring, identification of 
components based solely on chromatographic retention time could give mislabelling results. 
With OCPs for example the chromatographic characteristics of PCBs are similar and these could 
give misleading results. Some doubts often occur when an unexpected component or an 
unusually high concentration of an analyte is detected in biological or environmental samples. 
The present work adopted two different chromatographic methods to confirm pesticides detected 
in real human milk and water samples. One approach used capillary OLC-ECD but with a 
different polarity stationary phase, the other was to use capillary OLC-MS. 
3.8.1 Capillary OLC-ECD method 
Although the idea of using columns with two stationary phases is not considered ultimate 
confirmation, this approach offers a choice for the laboratory where OC-MS is not available. 
Capillary OLC-ECD with a semi-polar column liquid phase of 1 % vinyl - 5% phenyl - 940/0 
methyl silicone (SE 52/4) was used in the initial analytical method. Consequently a non-polar 
column liquid phase of dimethyl silicone (BP-l) was used for confinnation. The optimal 
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operating conditions for the BP-l column are shown in Table 52. The retention time (RT), 
relative retention time (RR T) and peak area ratio (PAR) of OCPs are shown for both the 
analytical and confirmatory column in Table 53. Aldrin has been used as internal standard in the 
milk method and o,p'-DDE was used as internal standard in water method. Although the 
confinnatory column had dimensions of 25m x 0.32mm (i.d.) x 1 Jlm which is longer than the 
Table 52 Optimal operating conditions for capillary GLC-ECD with a 25m x O.32mm 
(i.d.) x IJlm BP-l column (confirmation method) 
Parameters Conditions 
Column oven temperatures Programmed from an initial temperature of 
80°C (held for 1 minute) with 10°C/minute 
ramp rate to 250°C, and then held for 15 
minutes. 
2 Injection port temperature 200°C. 
3 Injection mode Splitless injection (for 1 minute). 
4 Injection volume IJll. 
5 ECD detector oven temperature 320°C. 
6 Helium carrier gas 10.5 psi inlet pressure, 4Ocm/sec linear 
velocity, and 1.6mVminute flow rate at 
80°C. 
7 OFN make-up gas 6OmVminute. 
8 The ECD settings Sigma 3B: detection range xl, amplifica-
tion range x4. 
HP5890A: detection range 0, amplification 
range O. 
9 The recorder range Sigma 3B: ImY. 
10 The integrator settings HP5890A: zero = 0,0.507, attenuation = 0, 
area rejection = ° and peak width = 0.04. 
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Table 53 
OCPs 
(X-HCH 
~-HCH 
y-HCH 
Heptachlor 
Aldrin 
Hept epoxide 
o,p'-DDE 
p,p'-DDE 
Dieldrin 
Endrin 
p,p'-DDD 
p,p'-DDT 
C0'!lparison of retention time and peak area ratio for OCPs on two 
stationary phases 
Amount on SE 52/4 BP-l 
column (pg) RT RRT PAR RT RRT PAR 
(min) (min) 
5 12.8 0.81 0.50 15.7 0.81 0.49 
10 13.5 0.85 0.67 16.0 0.82 0.74 
5 13.6 0.86 0.57 16.4 0.85 0.57 
10 15.2 0.96 1.03 18.4 0.95 0.83 
10 15.9 1 1 19.3 1 1 
10 16.7 1.05 1.29 20.2 1.05 1.11 
20 17.3 1.09 1.32 20.9 1.08 1.52 
15 17.9 1.13 1.17 21.9 1.13 1.38 
15 18.0 1.13 1.24 22.3 1.16 1.48 
20 18.5 1.16 1.30 23.1 1.20 1.25 
15 18.8 1.18 0.87 23.3 1.21 1.16 
25 19.8 1.25 1.27 25.3 1.31 1.44 
analytical column (10m x 0.32mm (i.d.) x 1 ~m), they did show the same elution order but with 
different RRTs probably due to different affinity of components to phases. HCHs (u-, p- and r-
isomers) are more polar than DDTs (DDT, DDD and DDE), the former group is eluted with 
lower RRTs on BP-l than SE 52/4 column. DDTs which are non-polar are retained more on the 
BP-l column than on SE 52/4. Of course, the longer the column, the longer the analysis time, 
the total analysis time on BP-l was 33 minutes whereas on the SE 52/4 column it was 28 
minutes. Representative chromatograms from spiked cows' milk on the confirmatory column 
and a human milk sample (BHM
3
) on both confirmatory and analytical columns are shown in 
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Figure 25a,b,c, respectively. 
Milk samples from four British and four Thai mothers were assayed on both column types and 
also by GLC-MS using a 200/0 diphenyl - 80% dimethyl silicone column (mentioned later) are 
shown in Table 54. 
Table 54 
Milk 
BHM1 
BHM2 
BHM3 
BHM4 
THM1 
THM2 
THM3 
THM4 
A = 
C1 = 
C2 = 
ND = 
BHM = 
THM 
-
Comparison of p,p'-DDE and p,p'-DDT concentrations detected in human 
milk using the present method and two confirmatory methods (capillary 
GLC-ECD and capillary GLC-MS) 
p,p' -DDE (j..lg/l whole milk) p,p' -DDT (j..lg/l whole milk) 
A C 1 C2 A C1 C2 
15.3 16.3 ND 2.3 2.6 ND 
16.0 16.5 ND 1.4 2.9 ND 
57.5 43.3 58.4 7.3 8.9 ND 
23.8 25.7 ND 3.7 4.8 NO 
67.0 58.3 70.6 10.8 7.2 ND 
313 389 ND 43.9 60.5 ND 
9.6 8.2 ND 1.1 4.4 ND 
17.6 16.1 ND 1.6 1.4 ND 
analytical method, capillary GLC-ECD with SE52j4 column. 
confirmatory method, capillary GLC-ECD with BP-1 column. 
confirmatory method, capillary GLC-MS with SPB ™ 20 column. 
not determined. 
British human milk. 
Thai human milk. 
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Representative chromatogram of OCPs extracted from spiked cows' milk 
on the BP-I confirmatory column. Operating conditions were as in Table 
52. HCB was eluted after ~-HCH on the BP-I column while the others 
were eluted in the same order as on the SE52/4 column. 
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Chron1atogran1 of Bri tish human milk (BHM 1) on the BP-l confirmatory 
column. Operation conditions were as in Tabre 52. 
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Chromatogram of British human milk (BHM 3) on the SE 52/4 
analytical column. Operating conditions were as In Table 18. HCB was 
eluted before 0-HCH on the SE52/4 column. 
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3.8.2 Capillary GLC-MS method 
Confinnation using capillary GLC-MS was kindly perfonned with the assistance of P G 
Snowdon, Residue Analysis Department, Schering Agrochemicals Ltd, Saffron Walden, Essex. 
Sample preparation was carried out at the Robens Institute and extracts were taken to Schering. 
p,p'-DDE in milk extracts was estimated by capillary GLC-MS with a SPB Ti\120 30mx 0.25mm 
(i.d.) x O.251lm (20% diphenyl - 80% dimethyl silicones) column. Scan and selected ion 
monitoring (SIM) modes were used to identify the components detected and the optimal 
operating conditions are shown in Table 55. An estimation of the concentrations were made 
against extracted p,p' -DDE standards. The confirmation of p,p' -DOE concentration in 2 human 
milk samples namely BHM3 and THM 1 is shown in Table 54. 
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Table 55 . <?ptimal operating~ditions of capillary GLC-MS with a 30m x 0.2Smm 
(I.d.) x 0.2SJ..lm SPB 20 column of the confirmation method 
Parameters Conditions 
1 Column oven tenlperature Programmed from an initial tempera-
ture 60°C (held for 1 minute) with 
10°C/minute to 250°C and then held 
for 10 minutes. 
2 Injection port temperature 235°C. 
3 Injection mode Splitless injection for 1 minute. 
4 Injection volume 11_11. 
S MS detector oven temperature 280°C. 
6 Scan parameters: 
Low mass 50 
High mass 400 
Threshold 1000 
7 SIM parameters for DDE: 
Dwell per ion 100 msec 
Ion plotted 246 
Ions in group 246, 248, 316, 318. 
8 SIM parameters for heptachlor epoxide: 
Dwell per ion 100 msec 
Ion plotted 263 
Ions in group 263,351,353,355. 
Mass spectra of pure and extracted p,p' -DDE are shown in Figure 26a,b; and BHM3 and THM 1 
are shown in Figure 26c,d. 
Pure and extracted p,p' -DDE standard both showed a corresponding retention time at 22.2 
minutes on the scan mode, and ion groups of 246 and 318 on the SIM mode (see Figure 26a,b). 
Both human milk samples (BHM3 and THM 1) also showed a peak at 22.2 minutes on the scan 
mode and had ion groups of 246 and 318 (see Figure 26b,c) as in the pure and extracted standard 
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of p,p'-DDE. Therefore, both human milk samples contained p,p'-DDE at a concentration of 
58.4~g!1 whole milk for BHM3 and 70.6~g/1 whole milk for THMl. The concentration of p,p'-
DDE quantified by the present analytical method and the capillary GLC-ECD confirmation 
method for BHM3 was 57.5 and 43.3~g/l whole milk, respectively; and THMI was 67.0 and 
58.3~g!1 whole milk, respectively. 
It was shown by both the present analytical and confirmation method that these two human milk 
samples actually contained p,p' -DDE with comparable concentrations (see Table 54). 
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Table 55. 
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extracted p,p' -DDE standard (300ng/ml) from spiked cows' milk. 
Operating conditions are shown in Table 55. 
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55. Ions group of 246 and 31 R is characteristics of DOE. 
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Ions group of 246 and 31 R is characteristics of ODE. 
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In addition of the collection of water samples from Thailand, a number of tap water samples 
from Lima, Peru was also surveyed for OCPs in order to compare the levels. Water samples 
from Lima, Peru contained a peak with a retention time corresponding to heptachlor epoxide 
when assayed by the present method for OCPs in water described earlier (see chromatogram in 
Figure 27a, peak A). Confinnation tests from both capillary GLC-ECD and capillary GLC-MS 
did not confirm the presence of heptachlor epoxide. The chromatogram of the extract assayed 
by capillary GLC-ECD on the BP-l confirmatory column is shown in Figure 27b and did not 
have the suspected peak at the retention time of heptachlor epoxide (see arrow indication). Mass 
spectra of standard heptachlor epoxide solution (101lg/ml in isooctane) showed a peak at a 
retention time of about 20.8 minutes (see the total ion current chromatogram in Figure 27c) and 
ion groups of 263 and 353 (see the mass spectrum in Figure 27c). Water samples from Lima did 
have a peak at 20.8 minutes (see the total ion current chromatogram in Figure 27d) but did not 
have ion groups of 263 and 353 as expected (see the mass spectrum in Figure 27d). Therefore, 
heptachlor epoxide was not in that sample from Lima tap water as originally expected. 
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Chromatogram of the extract of a tap water sample from Lima, Peru on 
the SE52/4 analytical column. Operating conditions are the same as in 
Table 18. "A II was a compound suspected to be heptachlor epoxide. 
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BP-I confirmation column. Operating conditions are the same as in Table 
52. The arrow indicated no heptachlor epoxide detected. 
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current chromatogram (above) and ions of 263 and 353 on the mass 
spectrum (below). 
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Mass spectra of the extract of a tap water sample from Lima, Peru showed 
a suspected component at peak "A" on the total ion current chromatogram 
(above). There was no confirmation of peak A to be heptachlor epoxide 
as there were no ion groups of 263 and 353 on the mass spectrum (below). 
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3.8.3 Discussion of results 
Confirmation by capillary GLe on a second column did confirm the identity of some 
compounds suspected in milk and water. The analysis of contaminants in biological or 
environmental samples sometimes requires confirmation tests particularly where the presence or 
concentration of a particular compound is not expected. The present confirmation test with a 
different stationary phase on a second column has proved useful and has given comparable 
results for most samples. 
It is worth mentioning that the heptachlor and heptachlor epoxide found in 2 potable water 
samples from the present survey in Thailand were confirmed on the BP-l confrrmation 
column although they were not confirmed by capillary GLC-MS due to the technical problem. 
This of course was not the case with the sample from Lima. 
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CHAPTER 4: GENERAL DISCUSSION 
The aim of the present study was to develop methods for determination of OCPs in milk and 
water samples which are applicable for environmental monitoring particularly in the developing 
countries. Since: most existing methods employed large volume of solvents and column 
chromatography in sample preparation, these made impractical due to high cost and the methods 
were also cumbersome. 
-
The present study has achieved the development of rapid, sensitive and cost-effective methods 
for the detennination of OCPs in milk and water. Capillary GLC with ECD detection was 
shown to be the most relevant technique for the analysis of trace levels of OCPs. Capillary 
columns with high resolution power provide the best means to separate complex components at 
trace levels in environmental samples. The ECD is the most sensitive and selective detector for 
the measurement of OCP and other halogen containing compounds but can be prone to 
contamination. Therefore, in this type of project sample preparation before chromatography IS 
absolutely vital to provide extracts free from electron capturing interferences. 
Sample preparation in pesticide analysis has often produced lengthy and labour intensive 
methods. Traditional sample preparation approaches usually involve non-polar solvent 
extraction followed by adsorption chromatography for clean up. Furthermore, eluates have to be 
concentrated and this step is often a source of pesticide lost. In fatty matrices such as milk non-
polar extraction often causes emulsions to form or a layer of cream between the non-polar layer 
and the aqueous phase (as observed earlier with n-hexane/acetone (1: 1) in milk extraction). The 
use of non-polar solvents will extract total fat from milk with many coextracting compounds that 
might interfere with the assay, thus requiring extensive clean up procedures. Adsorption 
chromatography using FIorisil or alumina is often employed for high fat coextractives' clean up 
(USEPA Method). The present work used a different approach, namely a polar solvent 
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extraCtion which meant that there was no emulsion formation. 
A single extraCtion of milk (2ml) with a mixture of ethyl acetate, methanol and acetone (2, 4 and 
4m1, respectively) gave satisfactory recovery of OCPs from milk (Table 22). Furthennore, as 
this produced mUFh less coextractives from milk fat (Table 20), it was possible to employ 
miniature columns, or so called solid phase cartridges for sample clean up and concentration in 
one step. CI8-solid phase extraction proved a useful tool in sample preparation as this technique 
was reliable, rapid, simple and reproducible. 
Solid phase extraction has also proved useful for the extraction of trace levels of organic 
compounds from large volumes of water. Solid phase cartridges also made sample collection on 
site easier. Alternatively, bulky water samples have to be collected in bottles and are brought 
back and processed in the laboratory. C8-solid phase cartridges proved more suitable for the 
extraction of OCPs from water samples than CI8 cartridges (Table 34). Furthennore, they could 
be a useful tool for the storage and transport of water samples. With this approach water 
samples were processed onto the cartridge and then stored in the refrigerator, and this proved 
superior to storage of the whole water samples in glass bottles (Table 40). 
Validation of both methods (ie, for milk and water) was carned out and both showed good 
precision, accuracy and linearity (described in 3.3 and 3.6). Although good precision and 
accuracy are achievable in the laboratory, studies are often limited by instability of analytes and 
the variable nature of matrices. As mentioned earlier, milk is rather complex and it is difficult to 
collect representative samples. This often leads to non-reproducible results. However, 
improved knowledge of lactation has enabled more representative collection of milk samples. 
Application to real world samples is an essential part of a validation programme when 
developing new methods. The present work has developed new methods to investigate 27 
individual human milk and 17 potable water samples. Interesting results from these pilot studies 
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revealed that milk sample storage and pre-processing of highly polluted water samples need to 
be further investigated. 
Confirmation of the identity and levels of suspected components has provided confidence in the 
analytical data. Positive confirmation ofp,p'-DDE in human milk samples was made by both 
capillary GLC-ECD (with a different column liquid phase) and capillary GLC-MS (described 
earlier in 3.8). This was important since p,p' -DDE was detected at a very high concentration in 
human milk samples particularly from a genuine British mother (BHM3) who had a 
concentration of 57.5Jlg/l whole milk (see peak 4 on the chromatogram in Figure -25c). The 
extract was assayed on capillary OLC-ECD with a BP-l column for confirmation. A 
chromatogram is shown in Figure 25b, p,p' -DDE is peak 4. Further confirmation on capillary 
GLC-MS was also carried out and this gave positive confinnation of p,p' -DDE and comparable 
results (shown in Table 48). 
Heptachlor epoxide was detected in the extract of a tap water sample from Lima, Peru at rather a 
high concentration (about O.05ppb) (see chromatogram in Figure 27a) and was found in all 6 
replicates of the extract. The extracts were assayed on a non-polar BP-l column and showed no 
peak: at the retention of heptachlor epoxide (Figure 27b). Further investigation was carried out 
on capillary GLC-MS and this also gave negative results (see mass spectra in Figure 27c,d). It 
was not possible to get any indication of the identity of the peak other than to say that the 
extracts contained a halogen containing compound with close characteristics on chromatography 
to heptachlor epoxide. However, 6 replicates of one water sample might not be able to draw any 
conclusion until further investigations have been made. 
Such confirmatory tests are normal practise in a laboratory carrying out this type of investigation 
(265). When pesticide residues are unusual in terms of their identity or concentrations, they 
have to be confirmed qualitatively and quantitatively. 
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The twO methods developed and validated in the present course of the work should prove 
invaluable for wider studies in Thailand and other countries such as the excretion of OCPs 
through mothers' milk and health effect in breastfed children, general population exposure to 
ocPs via foods and drinking water, occupational exposure, ie, fanners, spraymen related to 
nutritional status. 
The possible applications of both methods are to detennine OCPs and related organochlorine 
compounds in other biological fluids such as human/animal serum, fat, cord serum and placenta 
since the milk method requires only I-2ml sample size. The water method is most applicable for 
drinking water supply surveillance and also applicable for other water. However, they need to 
be further validated for particular sample matrices before the real survey begins. 
Concluding remarks 
OLe-ECD has proved to be the most powerful tool in OCP residue analysis in tenns of 
sensitivity and selectivity. It has showed to be the most widely used techique so far, but sample 
preparation including sample cleanup is still very different from method to method. The novel 
sample preparation approaches in the present work have made methods simple, rapid, sensitive 
and cost-effective. It is hoped that such simplification of methods will allow more studies to be 
carried out in the very important area of global environmental monitoring. The adoption of such 
procedures should allow greater interlaboratory agreement 
183 
REFERENCES 
1 W.D.E. Staring (Editor). Pesticides: Data Collection, Systems and Supply, Distribution 
and Use in Selected Countries of the Asia : Pacific Region. ESCAP/UN, Bangkok, 
Thailand (1984). 
2 E.P. Laug, T.M. Kunze and C.S. Prickett. Arch. Industr. Hyg., 3 (1951) 245. 
3 D. Veierov and N. Ahazonson. J. Assoc. Off. Anal. Chern., 63 (1980) 532. 
4 E.P. Savage, T.J. Keefe, J.D. Tessari, H.W. Wheeler, F.M. Applehans, E.A. Goes and 
S.A. Ford. Am. J. Epidemiol., 113 (1981) 413. 
5 J.U. Skaare, J.M. Tuveng and H.A. Sande. Arch. Environ. Contam. Toxicol., 17 (1988) 
55. 
6 S.A. Slorach and P. Vaz (Editors). Assessment of Human Exposure to Selected 
Organochlorine Compounds Through Biological Monitoring. UNEP/WHO, Swed. Nat. 
Food Admin., Uppsala, Sweden, (1983). 
7 K. Noren. Arch. Environ. Contam. Toxicol., 12 (1983) 277. 
8 A.A. Jensen. Residue Rev. 89 (1983) 1. 
9 D.A. Jackson, S.M. Imong, A. Silprasert, S. Ruckphaopunts, J.D. Baum and K. 
Amatayakul. Br. J. Nutr., 59 (1988) 349. 
184 
10 A.M. Ferris, R.M. Clark, M. Ezrin and R.G. Jensen. J. Am. Diet. Assoc., 88 (1988) 694. 
11 B.P. Lichtenstein and K.P. Schulz. J. Econ. Entomol., 50 (1960) 192. 
12 B. Davidow and J.L. Radomski. J. Pharmacol, Exp. Ther., 107 (1953) 259. 
13 1. Radomski and B. Davidow. J. Pharmacol. Exp. Ther., 107 (1953) 266. 
14 T. Nakatsugawa, M. Ishida and P.A. Dahm. Biochem. Phannacol., 14 (1965) 1853. 
15 H. Ishikura. In: Environmental Toxicology of Pesticides. F. Matsumura, G.M. Boush 
and T. Misato (Editors), Academic Press, New York (1972) 1. 
16 T. Kamata. Med. J. Hiroshima Univ., 22 (1974) 315. 
17 Specifications for Pesticides used in Public Health, 3rd ed., WHO, Geneva (1967). 
18 W.E. Dale, T.G. Gaines, W.J. Hayes Jnr. and G.W. Peance. Science, 142 (1963) 1474. 
19 A.E. Lund and T. Narahasi. Pestic. Biochem. Physiol., 20 (1983) 203. 
20 Y. Pichon, J.C. Guillet, U. Heilig and M. Pelhate. Pestic. Sci., 16 (1985) 627. 
21 F. Matsumura. In: Pesticide Chemistry: Human Welfare and the Environment. J. 
Miyamoto et a/ (Editors), vol. 3, Pergamon, Oxford (1983) 3. 
22 L.K. Cutkom, R.B. Koch and D. Desaiah. In: Insecticide Mode of Action. lR. Coats 
(Editor), Academic Press, New York (1982) 45. 
185 
23 LJ. Mullins and F.J. Brinly, Jnr. J. Gen. Physiol., 65 (1975) 135. 
24 B.D. Sloley, B.A. Bailey and R.G.H. Downer. Pestic. Biochem. Physiol., 24 (1985) 213. 
25 I.M. Abalis, M.E. Elderfrawi and A.T. Elderfrawi. Pestic. Biochem. Physiol., 24 (1985) 
95. 
26 F. Matsumura and J.M. Clark. Prog. Neurobiol., 18 (1982) 231. 
27 D.H. Hutson. In: Progress in Pesticide Biochemistry. D.H. Hutson and T.R. Roberts 
(Editors), Vol. 1, John Wiley & Sons, Chichester (1981) 287. 
28 J.F. Cole, L.M. Klevay and M.R. Zavon. Toxicol. Appl. Pharmacol., 16 (1970) 547. 
29 W.B. Deichman, W.E. MacDonald and D.A. Cubit. Science, 1972 (1971) 275. 
30 W.B. Deichman, M.L. Keplinger, 1. Dressler and F. Sala. Toxicol. Appl. Pharmacol., 14 
(1969) 205. 
31 J.C. Street. Science, 146 (1964) 1580. 
32 J.C. Street and A.D. Blau. Toxico1. App1. Pharmaco1., 8 (1966) 497. 
33 J.C. Street and R.W. Chadwick. Toxicol. Appl. Pharmacol., 11 (1967) 68. 
34 J.C. Street, R.W. Chadwick, M. Wang and R.L. Phillips. J. Agric. Food Chern., 14 
(1966) 545. 
186 
35 DJ. Wagstaff and J.C. Street. Bull. Environ. Contam. Toxicol., 6 (1971) 273. 
36 R. Kato. Pharmacol. Ther., 6 (1979) 41. 
37 E.C. Miller, J.A. Miller and A.H. Conney. Cancer Res., 51 (1954) 32. 
38 R.R. Brown, J.A. Miller and E.C. Miller. J. BioI Chern., 209 (1954) 211. 
39 H. Remmer. Naturwisesenchaften,45 (1958) 189. 
40 1. Bailey, V. Knauf, W. Mueller and W. Hobson. Environ. Res., 21 (1) (1980) 190. 
41 K.G. Newton and N.C. Greene. Pestie. Manit. 1., 6 (1972) 4. 
42 R. Barnett, A.J. D'EreoIe, J.D. Cain and R.D. Arthur. Pestie. Manit. J., 13 (1979) 47. 
43 Y. Hofvander, U. Hagman, C.E. Linder, R. Vaz and S.A. Sioraeh. Aeta. Paediatr. 
Seand., 70 (1981) 3. 
44 T. Yakushiji, 1. Watanabe, K. Kuwabara, S. Yoshida, K. Koyama and N. Kunita. lnt. 
Arch. Occup. Environ. Health, 43 (1979) 1. 
45 M.K.1. Siddiqui, M.C. Saxena, A.K. Bhargava, T.D. Seth, C.R.K. Murti and D. Kutty. 
Environ. Res., 24 (1981) 24. 
46 Z. Polishuk, M. Ron, M. Wasserman, S. Cueoz, D. Wasserman and C. Lemeseh. Pestie. 
Manit. J., 10 (1977) 121. 
187 
47 lG.Clement and A.B. Okey. Bull. Environ. Contam. Toxicol., 12 (1974) 373. 
48 B.P. Savage (Editor). National study to detennine levels of chlorinated hydrocarbon 
insecticides in human milk. Washington, Environmental Protection Agency (EPA 540/9 
- 781(05) (1976). 
49 Report of the Working Party on Pesticide Residues (1982-1985), Ministry of Agriculture, 
Fisheries and Food, London, HMSO (1986). 
50 A.E. Olzyna-Marzys, M. De Campos, M.T. Farvar and M. Thoman. Bol. Of. Sanit. 
Panam., 74 (1973) 93. 
51 S. Kanitz and G. Castello. Igiene. Med. Prev., 7 (1966) 1. 
52 W. Heeschen. In: Environmental Quality and Safety. F. Coulston and F. Korte 
(Editors), G. Thiene Verlag, Stuttgart, 1 (1972) 229. 
53 W. van Haver, R. Vandezande and L. Gordts. Belg. Med. Soc. Hyg. Med. Trav. Med. 
Leg., 35 (1977) 312. 
54 R.P. Lora, A.H. Marteache, L.M.P. Villar, R.L. Gimenez, MJ. Villarejo and J.T. Perez. 
Rev. Esp. Pediatr., 35 (1979) 93. 
55 T. Kamata. Japan J. Publ. Health, 20 (1973) 405. 
56 S. Sasaki, K. Watabe, S. Hayashi and H. Sugaya. 1. Japan Assoc. Rural Med., 29 (1980) 
564. 
188 
57 L.G. Hart and J.R. Fouts. Toxicol. Appl. Phannacol., 5 (1963) 371. 
58 J.W. Gillet and T.M. Chan. J. Agric. Food Chern., 16 (1980) 590. 
59 EJ. Fairchild (Editor). A Handbook of the Toxic Effects, Agricultural Chemicals and 
Pesticides. The US Department of Health, Education and Welfare, Castle House 
Publications, USA (1978). 
60 1.L. Lincer. J. Appl. Eco1., 12 (1975) 781. 
61 R.D. Porter and S.N. Wiemeyer. Science, 165 (1969) 199. 
62 1. Bitman, H.C. Cecil, SJ. Harris and E.F. Fries. Nature (London), 224 (1969) 44. 
63 R.O. Heath, l.W. Spann and I.F. Krietzer. Nature (London), 224 (1969) 47. 
64 BJ. Stephen, J.D. Gerlich and F.E. Guthrie. Bull. Environ. Contam. Toxicol. 5 (1971) 
569. 
65 1. Robinson. Bird Study, 17 (1970) 195. 
66 I. Newton and M.B. Haas (Editors). Pesticide Monitoring Scheme. Monk Wood 
Experimental Station, Huntington, UK (1986). 
67 C.H. Walker and PJ. Stanley. In: The Proceedings of Sixth Congress of Pesticides 
Chemistry. R. Greenhalgh and T.R. Roberts (Editors), Blackwell Scientific Publications, 
Oxford (1987) 367. 
189 
68 D. Pimentel (Editor). Ecological Effects of Pesticides on Non-target Species. Executive 
Office of the Presidency, Office of Science and Toxicology, Washington, D.C., No. 
4106-0029 (1971). 
69 E.R. Law, Jnr., F.M. Morales, W.J. Hayes, Jnr. and C.R. Joseph. Arch. Environ. Health, 
15 (1967) 766. 
70 W.J. Hayes, Jnr., W.E. Dale and C.L Pirkle. Arch. Environ. Health, 22 (1971) 119. 
71 C.G. Hunter, J. Robinson and M. Roberts. Arch. Environ. Health, 18 (1969) 12. 
72 V.K.H. Brown, C.G. Hunter and A. Richardson. Br. J. Ind. Med., 21 (1964) 283. 
73 I. Hoogendam, J.PJ. Versteeg and M. De Vlieger. Arch. Environ. Health, 10 (1965) 
441. 
74 A.M.S. Black. Anaesth. Intensive Care, (1974) 369. 
75 C.G. Hunter and J. Robinson. Arch. Environ. Health, 15 (1967) 614. 
76 C.G. Hunter and J. Robinson. Food Cosmet. Toxicol., 6 (1968) 253. 
77 A. Curley, R.W. Jennings, H.T. Mann and V. Sedlak. Bull. Environ. Contam. Toxicol., 
5 (1970) 24. 
78 K.W. Jager. Aldrin, Dieldrin and Telodrin. Elsevier Publication Co., New York (1970). 
79 T.H. Milby and AJ. Samuels. J. Occup. Med., 10 (1968) 584. 
190 
80 B.R. Subramanian, S. Tanabe, H. Hidaka and R. Tatsukawa. Arch. Environ. Con tam. 
Toxicol., 12 (1963) 621. 
81 A.C. Anderson and A.A. Abdelghani. 1. Community Health, 10 (1985) 172. 
82 J.W. Hamaker. Ann. Rev. Entomol., 17 (1972) 199. 
83 R. Tatsukawa, T. Wakimoto and T. Ogawa. In: Environmental Toxicology of 
Pesticides. F. Matsumura, G.M. Boush and T. Misato (Editors), Academic -Press, New 
York (1972) 229. 
84 E.P. Lichenstein. J. Agric. Food Chern., 7 (1959) 430. 
85 E.P. Lichenstein. J. Agric. Food Chern., 13 (1965) 126. 
86 Y. Tsukano and T. Suzuki. Botyo-Kagaker, 27 (1962) 12. 
87 C.I. Hanis. J. Agric. Food Chern., 17 (1969) 80. 
88 F.L. Carter and C.A. Stringer. Bull. Environ. Contam. Toxicol., 5 (1970) 422. 
89 R.F. Spalding, C.A. Junk and 1.R. Richard. Pestic. Monit. 1., 14 (1980) 70. 
90 G.A. Wheatley. Ann. Appl. Biol., 55 (1965) 325. 
91 E.S. Albone, G. Eglinton, N.C. Evans, 1.M. Hunter and M.M. Rhead. Environ. Sci. 
Technol., 6 (1972) 614. 
191 
92 P.G. Murphy. Bull. Environ. Contam. Toxicol., 6 (1971) 20. 
93 D.L. Dindal and K.H. Wurtzinger. Bull. Environ. Con tam. Toxicol., 4 (1971) 362. 
94 C.D. Gish and D.L. Hughes (Editors). Residues of DDT, dieldrin and heptachlor in 
earthworms during two years following application. Special Scientific Report No. 241, 
Washington, D.C., US Department of the Interior, Fish and Wildlife Service (1982). 
95 G.W. Ware. 1. Econ. Entomol., 61 (1968) 1451. 
96 G.W. Ware, G.l. Estesen and W.P. Cahill. Bull. Environ. Contam. Toxicol., 5 (1970) 85. 
97 W.E. Eden and B.W. Arthur. l Econ. Entomol., 34 (1965) 16l. 
98 C.R. Harris and W.W. Sans. 1. Agric. Food Chem., 15 (1967) 86l. 
99 A.S. Cooke, A.A. Bell and M.B. Hoas (Editors). Predatory birds, pesticides and 
pollution. Swindon, UK, Natural Environment Research Council (1982). 
100 lB. Dimond and 1.A. Sherburne. Nature (London), 221 (1969) 486. 
101 lA. Sherburne and lB. Dimond. J. Wildl. Manage., 33 (1969) 944. 
102 W.W. Benson and P. Smith. Bull. Environ. Contam. Toxicol., 8 (1972) l. 
103 W.W. Benson, l Gabica and J.Beecham. Bull. Environ. Contam. Toxicol., 11 (1974) l. 
104 R.C. Laben. l Anim. Sci., 27 (1968) 1643. 
192 
105 J.M. Witt, F.M. Whiting, W.H. Brown and J.W. Stull. J. Dairy Sci., 49 (1966) 370. 
106 F.M. Whiting, S.B. Hagyard, W.H. Brown and lB. Stull. J. Dairy Sci., 51 (1968) 1612. 
107 D.D. Hardee, W.H. Gutennann, GJ. Keenan, G.G., Gyrisco, D.1. Lisk, F.M. Fox, G.W. 
Trimburger and R.F. Holland. 1 Eeon. Entomol., 57 (1964) 404. 
108 IT. Wilson, R.D. Brown, D.R. Sherek, 1.W. Daily, B. Hilman, P.C. lobe, B.R. Mano, 
lE. Mano, H.M. Redtzki and 1.1. Stewart. Clin. Pharmarcokinet., 5 (1980) 1. 
109 A.F. Williams, F.M. Akinkugbe and J.D. Baum. Hum. Nutr. Clin. Nutr., 39C (1985) 
193. 
110 F.E. Hytten. Br. Med. J., 1 (1954a) 176. 
111 F.E.Hytten. Br.Med.J., 1 (1954b) 179. 
112 H.M.H. Ip and D.1.H. Phillips. Arch. Environ. Contam. Toxieol., 18 (1989),490. 
113 H.B. Matthews and M.W. Anderson. Drug Metab. Dispos., 3 (1975) 371. 
114 D.L. Phillips, J.L. Pirkly, V.W. Burse, J.1. Burnet, Jnr., L.O. Henderson and L.L. 
Needham. Arch. Environ. Con tam. Toxieol., 18 (1989) 495. 
115 O. Pelkonen. In: Progress in Drug Metabolism. J.W. Bridges and L.F. Chasseaud 
(Editors), John Wiley & Sons, London, 2 (1977) 119. 
193 
116 W.J. Rogan, B.C. Gladen, J.D. McKinney, N. Carreras, P. Hardy, J. Thullen, J. 
Tingelstad and M. Tulley. Am. J. Public Health, 76 (1986) 172. 
117 L.A. Young andH.P. Nicholson. Progr. Fish. Cult., 13 (1951) 193. 
118 A.V. Holden and K. Marshen. 1. Proc. Sew. Purif., 4 (1966) 295. 
119 H.P. Nicholson. Science (NY), 158 (1967) 871. 
120 K.R. Tarrant and 1.0. Tatton. Nature (London), 219 (1968) 725. 
121 U.S. Drug of Administration, Monitoring agricultural pesticide residues, USDA Publ. 
ARS 81-13, Washington, (1966) 53. 
122 W.R. Bridges, B.l. Kallman and A.K. Andrews. Trans. Amer. Fish. Soc., 92 (1963) 421. 
123 E.P. Lichtenstein, K.R. Schulz, R.F. Skrentny and Y.Tsukano. Arch. Environ. Health, 12 
(1966) 199. 
124 H.P. Nicholson, A.R. Grzenda and 1.1. Teasley. Proc. Symp. Agr. Waste Water, 1 (1966) 
132. 
125 S.R. Weibel, R.B. Weidner, 1.M. Cohen and A.G. Christianson. 1. Am. Water Works 
Ass., 58 (1966) 1075. 
126 G.A. Wheatley and J .A. Hardman. Nature (London), 207 (1965) 486. 
127 M.S. Sharom, 1.R.W. Miles, C.R. Harris and F.L. McEwen. Water Res., 14 (1980a) 
1095. 
194 
128 M.S. Sharom, J.R.W. Miles, C.R. Harris and EL. McEwen. Water Res., 14 (l980b) 
1089. 
129 C.T. Haan. Trans. Am. Soc. Agric. Eng., 14 (1971) 445. 
130 II Richard, G.A. Junk, M.1. Avey, N.L. Nehring, IS. Fritz and H.1. Svec. Pestic. 
Monit. J., 9 (1975) 117. 
131 A.E. Carey and P.W. Kutz. Environ. Monit. Assess., 5 (1985) 155. 
132 R.F. Spalding, C.A. Junk and IR.Richard. Pestic. Monit. J., 14 (1980) 70. 
133 S.S. Sandhu, W.J. Warren and P. Nelson. Am. Water Works Assoc. J., 70 (1978) 41. 
134 D.l Williams, EM. Brroit, E.E. McNeil and R. Olson. Pestic. Monit. J., 12 (1978) 163. 
135 H. Lenon, L. Currey, A. Miller and D. Patulski. Pestic. Monit. 1., 6 (1972) 188. 
136 D.J. Richards and W.K. Shieh. Water Res., 20 (1986) 1077. 
137 P.A. Mills, 1.H. Onley and R.A. Gaither. 1. Assoc. Off. Anal. Chern., 46 (1963) 186. 
138 M.A. Luke, lE. Froberg and H.T. Masurnoto. 1 Assoc. Off. Anal. Chern., 58 (1975) 
1020. 
139 1.1. Franken and B.1.M. Luyten. 1. Assoc. Off. Anal. Chern., 59 (1976) 1279. 
195 
140 W.B. Wheeler, D.E.H. Frear, R.O. Mumma, R.H. Hamilton and R.C. Cotner. J. Agric. 
Food Chern., 15 (1967) 227. 
141 R.O. Mumma, W.B. Wheeler, D.E.H. Frear and R.H. Hamilton. Sciences. 152 (1966) 
530. 
142 T.A.Bellar, J.J. Lichtenburg and S.C. Lonneman. In: Contaminants and Sediments. R.A. 
Baker (Editor), Vo1.2, Ann Arbor Science Publishers Inc., Ann Arbor (1980) 57. 
143 F.M. Gretch. 1. Assoc. Off. Anal. Chern., 67 (1984) 108. 
144 F.M. Dunnivant and A.W. Elzerman. 1. Assoc. Off. Anal. Chern., 71 (1988) 551. 
145 E.E. McNeil, R. Oston, W.F. Miles and F.1.M. Rajabalee. J. Chromatogr., 132 (1977) 
277. 
146 Selected analytical methods approved and cited by the USEPA, American Public Health, 
Water Works Associations and Water Pollution Control Federation (1981), 873. 
147 1.D. Tessari and E.P. Savage. J. Assoc. Off. Anal. Chern., 63 (1980) 736. 
148 M.C.H. Chiang, W. Liao and L.R. Williams. 1. Assoc. Off. Ana1. Chern., 70 (1989) 100. 
149 R.M. Stimac. 1. Assoc. Off. Anal. Chern., 62 (1979) 85. 
150 A.M. Gillespie and S.M. Waters. J. Assoc. Off. Anal. Chern., 67 (1984) 290. 
151 V. Lopez-Avila, S. Schoen and 1. Milanes. 1. Assoc. Off. Anal. Chern., 71 (1988) 375. 
196 
152 M.A. Luke and G.M. Doose. Bull. Environ. Contam. Toxicol., 30 (1983) 110. 
153 B.M. McMahon and L.D. Sawyer (Editors). Pesticide Analytical Manual. Vol. I , U.S. 
Department of Health, Education and Welfare, Food and Drug Administration, 
Washington, D.C. (1979). 
154 B. Malone and J.A. Burke. J. Assoc. Off. Anal. Chern., 52 (1969) 790. 
155 B.G. Luke, R.C. Jeffrey and E.F. Dawes. J. Assoc. Off. Anal. Chern., 67 (1984) 295. 
156 L.D. Johnson, R.H. Waltz, J.P. Ussary and F.E. Kaiser. 1. Assoc. Off. Anal. Chern., 59 
(1976) 174. 
157 M.P. Seymour, T.M. Jeffries and LJ. Notariani. Analytical Proceedings, 23 (1986) 260. 
158 IUPAC Commission on Pesticide Chemistry, Pure Appl. Chern., 58 (1986) 1035. 
159 G.A. Junk and I.J. Richard. Anal. Chern., 60 (1988) 451. 
160 A. BaccVoni, G. Goretti, A. Lagana, B.M. Petronio and M. Rotatori. Anal. Chern., 52 
(1980) 2033. 
161 K.D. Basu and J. Saxena. Environ. Sci. Technol., 12 (1978) 791. 
162 A. di Corcia, M. Marchetti and R. Sarnperi. J. Chrornatogr., 405 (1987) 357. 
163 M.J.M. Wells and J.L. Michael. J. Chrornatogr. Sci., 25 (1987) 345. 
197 
164 E. Davoli, E. Benfanati and R. Fanelli. Chromosphere, 16 (1987) 1425. 
165 R.M. Nakamura, A. Voller and D.E. Bidwell. In: Handbook of Experimental 
Immunology. D.M. Weir, L.A. Herzenburg and C. Blackwell (Editors), Vol. 1, 
Blackwell, Oxford (1986) 27. 
166 E. Soimi and 1. Hemmila. Clin. Chern., 25 (1979) 353. 
167 G.C. Visor and S.G. Schulman. 1. Pharm. Sci., 70 (1981) 469. 
168 1.1. Pratt, M.G. Woldring and L. Villerius. 1. Immuno!. Methods, 21 (1978) 179. 
169 M. Pazzagali, 1.B. Kim, G. Messeri, F. Kohen, G.F. Bolelli, A. Tommasani, R. Salerno 
and M. Serio. Steroid Biochem., 14 (1981) 1181. 
170 1. Warmland, 1. Azari, L. Levine and M. Deluca. Biochem. Biophys. Res. Commun., 96 
(1980) 440. 
171 1.H. Rittenburg. In: Development and application of immunoassay for food analysis. 
1.H. Rittenburg (Editor). Elservier Applied Science, London (1990) 29. 
172 R.S. Yallow and S.A. Berson. Nature (London), 184, (1959) 1648. 
173 E. Engvall and P. Perlmann. Immunochem., 8 (1971) 871. 
174 B.K. Van Weeman and A.H.W.M. Schuurs. FEBS Letters, 15 (1971) 232. 
198 
175 J.1. Langone and H. Van Vunakis. Res. Commun. Chern. Patho. Phannacol., 10 (1975) 
163. 
176 Z. Niewola, C. Haywood, B.A Symington and R.T. Robson. Clin. Chim. Acta., 148 
(1985) 149. 
177 Z. Niewola, J.P. Benner and H. Swaine. Analyst, 3 (1986) 399. 
178 K.W. Hunter and D.E. Lenz. Life Sci., 30 (1982) 355. 
179 SJ. Huber. Chemosphere, 14 (1985) 1795. 
180 M. Adinarayana, U.S. Singh and T.S. Owivedi. 1. Chromatogr., 435 (1988) 210. 
181 1. Sherma. J. Liquid Chromatogr., 11 (1988) 2121. 
182 C. Gardyan and H. -Po Thier. In: Book of Abstracts, Vol.III, Seventh International Congrl 
Pesticide Chemistry, Hamburg, August 5-10, 1990. Paper 08B-06/200. 
183 R.1. Dolphin, F.W. Willmott, A.D. Mills and L.PJ. Hoogeveen. J. Chromatogr., 122 
(1976) 259. 
184 K.A. Ramsteiner and W.O. Homlann. 1. Chromatogr., 104 (1975) 438. 
185 B.M. Colvin, B.S. Engdahl and A.R. Hanks. J. Assoc. Off. Anal. Chem., 57 (1974) 648. 
186 F.W. Willnlott and RJ. Dolphin. 1. Chromatogr. Sci., 12 (1974) 695. 
187 J.W. Dolan and J.N. Seiber. Anal. Chem., 49 (1977) 326. 
199 
188 PJ. Arpino, B.G. Dawkins and F.W. McLafferty. J. Chromatogr. Sci., 12 (1974) 574. 
189 W.H. McFadden, D.C. Bradford, D.E. Games and J.L. Gower. Amer. Lab. (1977) 55. 
190 J.V. Hinshaw, Jnr. J. Chromatogr. Sci., 25 (1988) 49. 
191 K. Grob and G. Grob. J. Chromatogr. Sci., 7 (1969) 584. 
192 J.E. Purcell. Chromatographia, 15 (1982) 272. 
193 K. Grob and G. Grob. Chromatographia, 5 (1972) 3. 
194 J.V. Hinshaw, Jnr. and W. Seferovic. J. High Res. Chromatogr. & Chromatogr. 
Commun.,9 (1986) 69. 
195 D.H. Desty. In: Advances in Chromatography. J.C. Giddings and R.A. Keller (editors) 
Vol.l, Dekka, New York (1965) 218. 
196 G. Schomburg, H. Behlau, R. Deilmann, F. Weeke and H. Husmann. J. Chromatogr., 
142 (1977) 87. 
197 K. Grob and K. Grob, Jnr. J. Chromatogr., 151 (1978) 311. 
198 K. Grob. J. High Res. Chromatogr. & Chromatogr. Commun., 9 (1978) 69. 
199 W. Vogt, K. Jacob, A.B. Ohnesonge and H.W. Obwexer. J. Chromatogr., 186 (1979) 
187. 
200 
200 W. Vogt, K. Jacob, A.B. Ohnesone and H.W. Obwexer. 1. Chromatogr., 199 (1980) 191. 
201 F. Poy, S. Visani and F. Tessori. 1. Chromatogr., 217 (1981) 81. 
202 G. Schomburg, H. Husmann, H. Belhau and F. Schultz. 1. Chromatogr., 279 (1983) 251. 
203 G. Schomburg, H. Husmann, H. Belhau and F. Schultz. 1. Chromatogr., 279 (1983) 259. 
204 C. Saravalle, F. Munari and S. Trestianu. In: 36th Pittsburg Conference on- Analytical 
Chemistry and Applied Spectroscopy, Feb 25 : Mar QL 1985. New Orleans, L.A. Papers 
239,240. 
205 K. Grob, G. Grob and K. Grob, Jnr. J. Chromatogr., 211 (1981) 243. 
206 W.E. Wentworth, T. Limero and C.F. Batten. 1. Chromatogr., 441 (1988) 45. 
207 W.E. Wentworth, T. Limero and C.F. Batten. 1. Chromatogr., 468 (1989) 215. 
208 A.R.L. Moss. Pye Unicam, 4 (1974) 5. 
209 R.E. Duggan. In: Pesticide Analytical Manual. Vol.l., U.S. Food and Drug 
Administration, Washington D.C. (1969) 4. 
210 W.A. Moates. J. Assoc. Off. Anal. Chern., 49, (1966) 795. 
211 L.J. Faucheux. J. Assoc. Off. Anal. Chern., 48 (1969) 955. 
212 W. Ebing. J. Chrornatogr., 44 (1969) ~1. 
201 
213 K. Visweswariak and M. Jayaram. J. Chromatogr., 62 (1971) 479. 
214 K. Suzuki, K. Mujashita and T. Kashiwa. Bull. Agric. Chem. Insp. Sta., 10 (1970) 24. 
215 R.W. Frei, J.F. Lawrence, J. Hope and R.M. Cassidy. J. Chromatogr. Sci., 12 (1974) 40. 
216 J.F. Lawrence, C. Renault and R.W. Frei. 1. Chrornatogr., 152 (1976) 507. 
217 J.1. Kirkland, R.F. Holt and H.L. Pease. J. Agric. Food Chern., 17 (1969) 267. 
218 J.F. Lawrence. J. Assoc. Off. Anal. Chem., 59 (1976) 1066. 
219 M. Beroza and M.C. Bowrnan. J. Assoc. Off. Anal. Chern., 49 (1966) 1007. 
220 R. Dornrnarco, A.A. Muccio, I. Carnon and B. Gigli. Bull. Environ. Contam. Toxicol., 
39(1987)919. 
221 T. Suzuki, K. Ishikawa, N. Sato and N. Sakai. J. Assoc. Off. Anal, Chern., 62 (1979) 
681. 
222 T.H. Dao, T.L. Lavy and J. Dragun. Residue Rev., 87 (1983) 91. 
223 R.E. Johnsen and R.I. Starr. 1. Agric. Food Chern., 20 (1972) 48. 
224 J. Van Emon, J. Seiber and B. Hammock. Bull. Environ. Contarn. Toxicol, 39 (1987) 
490. 
202 
225 D. Davies and J. Mes. Bull. Environ. Con tam. Toxicol., 39 (1987) 743. 
226 M. Seymour, T.M. Jeffries, AJ. Floyd and L.J. Notoriani. Analyst, 112 (1987) 427. 
227 K. Noren and J. Sjovall. J. Chromatogr., 422 (1987) 103. 
228 A. Tateda and J .S. Fritz. 1. Chr0111atogr., 152 (1978) 329. 
229 P.V. Rossum and R.G. Webb. 1. Chromatogr., 150 (1978) 381. 
230 S.F. Stephen and J .F. Smith. Water Res., 11 (1977) 339. 
231 B. Versino, H. Knoppl, M. De Goot, A. Peil, 1. Poelman, H. Schauenburg, H. Vissu and 
F. Geiss. J. Chromatogr., 122 (1976) 373. 
232 W.J. Dunlop, D.C. Shew, M.R. Scalf, R.L. Cossy and 1.M. Robertson. In: Identification 
and Analysis of Organic Pollutant in Water. L.H. Keith (Editor), Ann Arbor Science, 
Ann Arbor (1976) 453. 
233 1. Tekel, P. Faukas, R. Schultzova, J. Kovacicova and A. Szokolay. Z. Levenson Unters 
Forsch, 186 (1988) 319. 
234 H.A. Price, R.L. Welch, R.H. Scheel and L.A. Warren. Bull. Environ. Contam. Toxieol., 
37 (1986) 1. 
235 C. Fooken and W. Butte. Chemosphere, 16 (1987) 1301. 
236 K. Grob, K. Grob, lnr. and G. Grob. 1. Chromatogr., 106 (1975) 299. 
203 
237 A. di Corcia, M. Marchetti and R. Samperi. 1. Chromatogr., 405 (1987) 357. 
238 M.J.M. Wells and 1.L. Michael. J. Chromatogr. Sci., 25 (1987) 345. 
239 E. Davoli, E. Benfanati and R. Fanelli. Chemosphere, 16 (1987) 1425. 
240 R. Vaz and G. Blomkvist. Chemosphere, 14 (1985) 223. 
241 R. Vaz. National Food Administration, Sweden (1983). Personal Communication. 
242 F.E. Martinez, LD. Desai, A.G.F. Davidson and A. Radcliffe. 1. Pediatr. Gastroenterol. 
Nutr.,6 (1987) 593. 
243 M.D. Erickson. In: Analytical Chemistry of PCBs. Butterworth Publishers, Stoneham, 
MA (1986) 156. 
244 U.S. Environmental Protection Agency. Test Methods for Evaluating Solid Waste: 
PhysicaVChemical Methods, SW -846, 3rd ed., Vol.l B (1986). 
245 B.A. Pedersen and G.M. Higgins. LC-GC, 6 (1988) 1016. 
246 G.M. Schn1idt. In: Biology of Lactation. The mammary gland and its secretion, W.H. 
Freeman and Co., U.S.A. (1971) 1. 
247 lC. Miller and J.N. Miller. Statistics for Analytical Chemistry. Ellis Horwood Ltd., 
Chichester (1984) 96. 
204 
248 A. Silprasert, W. Dejsarai, R. Keowichit and K. Amatayakul. Hum. Nutr. Clin. Nutr., 
40C (1986) 31. 
249 N.R. Mehta, J.B. Jones, M. Hamosh. J. Pediatr. Gastroenterol., Nutr., 1 (1982) 317. 
250 A. Prentice, A.M. Prentice and R.G. Whitehead. Br. J. Nutr., 45 (1981) 483. 
251 K.H. Brown, R.E. Black, A.D. Robertson, N.A. Aktar, G. Ahmed and S. Becker. Am. J. 
Clin. Nutr., 35 (1982) 745. 
252 B. Hall. Am. J. Clin. Nutr., 32 (1979) 304. 
253 K. Noren. Acta. Paediatr. Scand., 72 (1983) 811. 
254 A. Prentice, A.M. Prentice and R.G. Whitehead. Br. J. Nutr., 45 (1981) 495. 
255 R.G. Jensen. In: The Lipids of Human Milk. Factors affecting the total lipid content of 
human milk. CRC Press, Boca Raton, Florida (1989) 43. 
256 K.G. Dewey and B Lonnerdal. J. Pediatr. Gastroenterol. Nutr., 2 (1983) 497. 
257 G. Harzer, M. Haug, 1. Dieterich and P.R. Gentrer. Am. J. Clin. NutL, 37 (1983) 612. 
258 P.E. Hartnlan and C.G. Prosser. Fed. Proc., 43 (1984) 2448. 
259 R.M. Clark, A.M FeITies, M. Fey, P.B. Brown, K.E. Hundreiser and R.G. Jensen. J. 
Pediatr. Gastroenterol. N lItr., 1 (1982) 311. 
260 B.A. Underwood, R. Hepner and H. Abdullah. Am. J. Clin. Nutr., 23 (1970) 400. 
205 
261 M. Hamosh, S. Berkow, J. Bitman, L. Freed, B. Happ, 1. Jones, N. Mehta, D. Wood and 
P. Hamosh. J. Pediatr. Gastroenterol. Nutr., 3 (1984) 284. 
262 A. Vongbuddhapitak (Editor). Complete report. WHO Collaboration Research Project, 
Ministry of Public Health, Thailand (1988). 
263 P. Phuhirun. In: Analysis of Organochlorine Pesticides in the Upper Reaches of the 
Mae Ping River Qy Gas-liquid Chromatography. MSc Thesis, Chiang Mai University, 
Thailand (1989). 
264 T.S.S. Dikshith, R.B. Raizada, S.N. Kumar, M.K. Srivastava, S.K. Kalshrestha and U.N. 
Adholia. Bull. Environ. Contam. Toxicol., 45 (1990) 389. 
265 Report of the Working Party on Pesticide Residues 1985-88. Ministry of Agriculture, 
Fisheries and Food, London, HMSO (1989). 
206 
12a 
12b 
12c 
SUPPLEMENT ARY REFERENCES 
B.Y. Spencer. In: Guide to the Chemical Used in Crop Protection. Publication of 1093, 
5th Edition, Research Branch, Canada Department of Agriculture (1968). 
G.T. Brooks. In: Chlorinated Insecticides. Vol. 1 , CRC Press, Boca Raton, Ohio (1974). 
WJ. Hayes, Jnr. In: ;;:...P.:;:..:es=tI;:.;::·c:..=.::id=e:..:::,s =-Stu~di:..;;;.ed= _in _M_a_n. Williams and Wilkins, Baltimore 
(1982) 1980. 
12d M.D. Reuber. J. Environ. Pathol. Toxicol., 4 (1980) 355. 
39a H. Vorherr. In: The Breast: Morphology, Physiology, Lactation. Academic Press, New 
York (1974). 
58a IARC Monographs on the Evaluation of Carcinogenic Risk of Chemicals to Man. Some 
organochlorine pesticides, Vol.5, Lyon (1974). 
161a M. Zirf and R. Kiser. In: Solid Phase Extraction for Sample Preparation. J.T. Baker, 
Phillipsburg, NJ (1988). 
164a W.G. Jennings (Editor). In: Applications of Glass Capillary Gas Chromatography. 
Marcel Dekker, New York (1981). 
164b A. Ambrus and R. Greenhalgh (Editors). In: Pesticide Residue Analysis. Proceedings 
of a Joint FAO/WHO Course, Eger, Hungary, 13-26 April 1983, European Cooperation 
on Environmental Health Aspects of the Control of Chemicals, Interim Document 14 
(1984). 
207 
164c SJ. Wratten and P.C.C. Feng. In: Development and Application of Immunoassay for 
Food Analysis. J.H. Rittenburg (Editor), Elsevier Applied Science, London (1990) 201. 
164<1 R.L. Grob and M.A. Kaiser. In: Environmental Problem Solving Using Gas 
Chromatography. Elsevier Scientific Publishing Company, Amsterdam (1982). 
164e K.G. Das (Editor). In: Pesticide Analysis. Marcel Dekker, New York (1981). 
164f H.A. Moye (Editor). In: Analysis of Pesticide Residues. John Wiley & Sons, New 
York (1981). 
164g H.-P. Thier and H. Zeumer (Editors). In: Manual of Pesticide Residue Analysis. Vol. 1 , 
Pesticide Commission VCR (1987). 
189a S.D. West, G.K. Domlla and G.M. Poole. J. Assoc. Off. Anal. Chern., 66 (1983) Ill. 
189b M. Arjmand, T.D. Spittler and R.O. Mumma. 1. Agric. Food Chern., 36 (1988) 492. 
189c M.W. Brooks, J. Jenkins, M. Jimenez, T. Quinn and I.M. Clark. Analyst, 114 (1989) 
405. 
189d D. Frohlich and W. Meier. J. High Res. Chromatogr., (1989) 340. 
18ge R.I. Bushway. J. Chromatogr., 457 (1988) 437. 
lR9f M.I.E. Golay. In: Gas Chromatography Lansing Symposium. V.J. Coates, H.J. Noebels 
and I.S. Fagerson (Editors), Academic Press, New York (1958) 1. 
208 
205 a G.E. Baiulescu and V.A. llie. In: Stationary Phases in Gas Chromatography. Pergamon 
Press, Oxford (1975). 
205b R.M. Smith. In: Gas and Liquid Chromatography in Analytical Chemistry. John Wiley 
& Sons, Chichester (1988). 
205c P.T. Holland and R. Greenhalgh. In: Analysis of Pesticide Residues. H.A. Moye 
(Editor), John Wiley & Sons (1981) 51. 
205d N.S. Chapman. In: An Introduction to Gas Chromatography. Pye Unicam, Cambridge. 
205e F.W. Karasek and R.E. Clement. In: Basic Gas Chromatography: Mass Spectrometry. 
Elsevier, Amsterdam (1988). 
219a EPA Method 608 - Organochlorine pesticides and PCBs. Federal RegisterNo1.49, 
No.209 (1984). 
239a The Federal Water Pollution Control Act Amendments of 1972 (P.L. 92-500), USEPA, 
June 7 (1976). 
239b Manual of Analytical Methods for the Analysis of Pesticides in Human and 
Environmental Samples, EPA - 600/880-038, USEPA, Health Effects Research 
Laboratory, Research Triangle Park, NC (1980). 
262a Council Directive of 15 July 1980, Official Journal of the European Communities, 
No.L.229/21 (1980). 
209 
262b Federal Register, USEPA (1979). 
262c Federal Register, USEPA (1989). 
UNIVERSITY OF SURREY LIBRARY 
210 
